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THE INCIDENCE AND PATHOLOGY OF 
TUMOURS OF DOMESTICATED 
ANIMALS IN SOUTH 
AFRICA. 


A Study of the Onderstepoort 
Collection of Neoplasms 
with Special Reference 
to their Histo- 
patholi^ 


By 

CECIL JACKSON, B.Sc., B.V.Sc. 




FOREWORD. 


Thv prrsvHf tnfhthrr of thv ()rKk‘rst<‘poort Jouriuil differs froto its 
/fiedvressors nutsonivh as if cnala}hs one artielr onitf. This dv part are frtr}H 
pirrrdenf teas roasidrrrd justified in view of the excepti(tnai scope and 
itaportaacc of the sahjecf dealt with in this work. 

Ml, Jackson imposed upon himself an arduous task. He undertook 
to stiulfp classifip ami describe the tumours in the extensive collection of 
patholofpeal specimens at Onderstepoort, But he achieved more than that. 
He has presented a comprehensive, closely’■reasoned, and critical study of 
neoplastic conditions in ycncra! in our domesticated animals. 

It IS considered that his stiikuuj contribution to our knowledye of new 
yrowths will prove to be of lastiny value, not only to veterinary science, but 
also to human patholoyy. And so the hope may be expressed that this study 
may aid in the ultimate solution of that yrealest unsolved problem in medicine, 
cancer. 


V. J. Dr Toit, 

Editor, 



PREFACE. 


SiNCK the inception of a routine paiholofricul dia^nostu* service at 
Onderslepoort over 18,000 j)atholo^?ical specinnuis have been submitted 
for hiatolo»‘ical diagnosis over a period of some fifteen years. Much 
of this material had been earmarked as of iiiteresl for further examina¬ 
tion or for museum purposes and anioii^* ii occui’s a wealth of 
examples of neojdastic disease in the domesticated animals. 

The ]»resent work is the r*»sult of a pro^»Tamme to make this 
material conveniently available for reference and further study, 
whereby it is ])roposed to establish a complete collection of niiero- 
iScopic prej»aratious rejnesentative of the pathology of domesticated 
animals in this country serving at om‘e as a che(‘k on the actuirac'.v 
of the diagnosis of the nia(‘roscopi(* specimens in the extensive museum 
of pathology whicli has been built up at this Institute and supple¬ 
menting* the study of this material from the histological standpoint. 
In the prej>aration ami arrangement of a microscopic collection of 
this tyjje it is obvious that accuracy in diagnosis and uniformity of 
classificsition are the first essentials. In these two resj)ects the com¬ 
pilation of that portion of the collection comprising the neoplastic 
diseases offered the most ditficulty, and it was therefore decided to 
attack this part ot the v^ork first. With the completion of this 
chapter of the pathology there has been established an annotated and 
classified collection of hi^tologicuil preparations of the neoplasms 
whicli have been oiK'oimtered among domestic animals in Sontli 
Africa which not only has a statislical valnc(0 hut which gives 
instant access to preparations of the various Kinds (»f tumours whose 
j)atlio]ogical-anatomical and histiological descrij)tions and whose 
position in the classificatory scheme are made available by the jiresent 
work. 

The collection is housed in steel cabinets (each of whicli is 
designed to accommodate Ji,400 slides) containing slotted wooden 
trays in whicli the slides are vertically placed. A system of (joloured 
<‘ards is used to facdlitate a(*cess to the different cdasses ot fumouis, 
and each slide is affixed to a (*ardhoard label of the same size (with a 
window to admit light to the section) and on which (through the 
glass) may he read the sjiecies of animal, the site affected, the 
<liagm)sis and (where necessary) a suiuuuuy of the histological 
features. At jiresent ajiproximately 8,000 slides of the neo])lastic 
diseases are so stored, but it is intended that the collection should 
be a mobile one, allowing of constant ex])aTisioii as more material is 
acquired and of revision and Te-(*lassification as our knowledge 
improves. 


(^) A small proportion of the earlier specimens have unfortunately been 
destroyed and a few have been used up in the preparation of sections for 
teaching purposes. 
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Even in the course of its eompiliitiou, this (*olle(tion proved of 
the greatest use in faeilitaling accurate diagnosis in difficult cases by 
})roviding a ready means of comparison, lleference to it shows also 
at a glance whether the tumour one is dealing with is a lesion rare 
or unknown in this country or elsewhere. The value which the 
(•(diection lias acijuired at ()nderstepoort has led me to feel that a 
presentation of its salient features would he of assistance to patho¬ 
logists who have not access to these specimens and who may have to 
wrestle with the ofi(*n excjuisitely difficult problems encountered in 
the diagnosis of neo])lasnis. We all know Iioav (*oinmon ii is in such 
cases to couMilt textbooks or olher literaiure without obtaining the 
<lefini1e information we seek. It is in the hope that a more detailed 
slu(l\ (d’ ihe histological and especially the cytologi(‘al aspects of 
oncology ma\ jirove of use in this connection that my comments on 
these as])(*cls of the collection arc here embodied as a text to which 
the systematic* catalogue of the s])ecimens jirovides an aiijiendix (C). 

I Originally it was planned to inc^orporate in this a])pendix the descrip¬ 
tive protocols of all those tumours which had not been dealt with in 
the text. This ])roject had to be .ibandoned on ac'count of the length 
to which the lattcu* grew. | The aim of this work has, however, in no 
sense been the iirovicling of a textbook. Not only is the Ondorste- 
poorl ccdlcM'tion, large as it is, deficient in certain kinds of tuincmrs, 
hut g(»od general texts on nc'oplasms of animals already exist, both 
Feld man's textbook and Joest's Sprzirllc Patholof/ic providing 

a wealth of information regarding veterinary oncology and its 
bibliography. Rather has it been my aim to dif^cuss those problems 
and cles(‘ribe those a])J)earanees whicdi, for the very reason that they 
are so nn^agrely touched u])on in the liicuatnre. caused me great 
ditficulti(\s wdieu first I cunbarked on this work. 

It is inevitable that in a task of this kind 1 have had to lean 
heavily on the c*o-operation and enc*onragement of many scientitSc* 
friends. To J)r. P. J. du Toit, Director, and Dr. (t. cle Kock, Deputy 
Director of Veterinary Services, 1 am grateful for their apinoval and 
encouragement of this study. To my colleague* Dr. A. 1). Thomas I 
am deeply indebted. It is owing to his eneigy and cuitlnisiasm for 
the study of tnmours that a great many of the specimens have been 
obtained, and from his ])rofound knowledge c»f micTosc*o])ic pathology 
he has ever willingly advised me. 1 have also made use of the records 
left by ])resont colleagues in and past memb(*rs of I be Department 
of Pathology. The siirgi(*al slalT and jioultry ])albologists at this 
Jnstitnte have (‘ontributed many interesting s])(*cimens and much 
valuable information. To those who have been good enough to go out 
of their way to su])ply .sjiecimens wdii«*h might otherwise never have 
received notice this Institute also owes a debt. Mr. It. Ihiine, 
M.R.C.V.S. (both as (loveriiment Veterinary Officer, Grahamstown, 
and as Offieer in Charge, Allerton Lab(»ratory) and Dr. G. Kind have 
been espe<*ially helpful in this respect, while many other veterinai ians 
in Government Service, Municipal Servi(*e, and private practice have, 
in res]H)nse to appeals, been very willing to collect s])ecimens and to 
foiwvard partiimlars thereof. Where possible acknowdedgemenis of 
sueh co-operation are made in the text. T (*annot sufli(*iently praise 
the excellence of the te(*hnical assistance which 1 have re(*eived from 
Miss Dorothy Armstrong, who has been res])onsible for the cutting 
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und staining* of Uie so(‘ii()iis, amoiigf wbioh many heaiitiful j)rei)ara- 
Hons are to be foiiml. Mr. F. ]J. HorwelJ, who has been in charge 
of Ihe records associated with the woik, has i)re])ared the two text 
figures. Mr. Th. Meyer has expended his usual care in Ihe photo¬ 
graphy, which could not have been in better liands. I have also to 
thank several friends whose discussion of those problems in which 
our investigatory ])aths have (‘rossed has been a (constant source* 
of insj)iration to mo, and would especially mention Dr. H. H. (Juivsnii, 
Pj’ofessor ol Amitomy, l-niA’orsity of IMetoiia, J)r. Joseph (lillman of 
the T'niversity of tlie WitwatersramI and Mr. A. V. Malan, 
Statistician at Onderstepooi-t. Lastly, 1 wish cordially to acknow¬ 
ledge the kindness of the State Librarian, Fretoria, and the 
Librarian of the National (Vntral Library, liondon, through whose 
co-operation it was possible to borrow fiom British universities 
(Liverpool, SlieHield, and Aberdeen) copies of many iinportant com¬ 
munications on tumours whic h are not available in our own libraries. 

Ondewstkvooht, Noremher, 19^35. (5. ,1. 
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CHAPTER 1. 


Introduction. 

Thk necessity of jirefueiiif*- any study in l•(mll)ara^ive oncology 
with an apoloj^ia in whicli is pointed out the value of such investiga¬ 
tion is, hapj)ily, heeoininn- a thinj? of the j)ast. In the ]nirely 
niorpholo^5‘ieal sphere, the investi^^ations ol pioneers such as Hash- 
ford and Murray, Cramer, and Joest have jiroveil over and over a^ain 
their worth, while from the l)iolo^^i(*al aspe(*t the ejio(di-mal\in<^* 
diseo\eri<»s of Peyton Polls and of Eiijinami in regard to transmi^sihle 
tumours of domestic liirds, and of Vamfi«“i\\a and Itehikawa in con- 
neetiou with the exjierimental causation of malif>nan<y in mammals 
are nowadays tamiliar (wen to laymen. Hut much lemains to he 
done. The ]mtholooy of tumours in animals is virtually a never- 
ending stud.N to Achicli everyone who encounters any (onsiderahle 
nundier of animals afle<tf‘d hy neoplastic ilisease is hound to lune 
somethin*.** to <‘ontrihute. 

'I'he ()ndei stcpooi t (Ndlection of neo])lasms of domesticated 
animals is on(» of tin* most complete in the world, and ciutainly the 
largest in any tiopical or suhtro])ical countr\. Hy its (‘stahlislunent 
is provided ready access to the direct study oi tin' ^ross and micro¬ 
scopic jiathohi^y of almost e\(‘r\ known kind of tumoui animals 
and of many little known or unrecognised ones. Anymie who cares 
to ('onsult it will he rewaided hy an advan(*e in the knowledge, the 
foundations of which have been laid hy those pathologists—Joest, 
Kitt, Joest ami Ernesti, Sticker, Cas])er, and Feldman—whose 
geneial works on neojilasms of domevstic mammals or hirils have 
become classical, and hy tJie many others who have contributed to 
the study ot neoplasms of certain kinds or f)f certain organs. 

Tlu‘ soui'ces of the siiecinieiis have been : “ district spem'mens 
submitted by field n elerinarians, juivate practitioners, and laymen for 
diagnosis, or suimiitted by abattoir officials as contributions to the 
museum; “local*’ s])ecimeus accruing from the loutiue autopsies 
both oil hospital ])atients and ex]»eriinental animals at Oiiderstepoort; 
while not a few tumour specimens have been tddained by ccdleagues 
in the l)(*])artnient of Pathology w ho have often gom* out of their way 
to colb'ct material. Many of the older s])ecimens have suffered 
ehanges through long pri'servation, and in those eases where it w^as 
possible to gain asvsistanc.e from the descriptions made at the time or 
from anto])sy records such information has been made mse of. In 
very many cases one could liave wished for more complete information 
from the senders of specimens, especially regarding the site of occur¬ 
rence, the ])resence of metastases, and the history of the subject. As 
a result of propaganda, the response of menihers of the profession to 
appeals for a fuller description of specimens has been very* gratifying. 
It is beginning to he more ^widely recognised, not only that the 
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uccuruio (liii^niosis of neoplasms does not depend enlirely on inicro- 
sfof)ie examinalion oi an ofien hapljazardly selecletl fra^menl of the 
tissue, and I hat a full history of the subject and careful description 
of the fresh sj)ecinieu /// sfttf are of the greatest assistance to the 
patliolooist; hut also that (he re(*ords at Onderstepoort are oftcm 
invalidated hy incomplete information. Ju a tew instanct»s in the 
past, even the sj)ecies of the subject has not been stated, renderiiie- 
such material almost worthless from the statistical j)oiiit of vi(‘w. 

As mi^»*ht bo expected, the intensive study ot the neojdastic 
<liseas(»s at Onderstepoort has resulted in an api)areiit iiicreuse of 
iheir ineidenee. This ser\es t(» show of what Iimitc*d value the actual 
tie-ures are. These caji he jifiven only in terms ot pathological s|)e(*i- 
mens received, hut the,\ do at least serve to show' how freipiently the 
])atholo^ist encounters tumours of domestic animals ami what an 
ijiiportant ])art lliese h'sioiis i)lay in routine diagnosis. Some 4 per 
cent, of all routine s])ecimens are neoplastic diseases and in very 
many other cases a thonni^h knowledj^e of oncolooy is ess(»ntial for 
correct, intei pietations: it is therefore obvious that any weakness in 
the dia<>'nosis ot such s]>(*(‘iineiis must vers stuiously r(*fle(‘t on th<‘ 
etfieieney of the routine diagnostic service. Ft has conseciuently Ix^en 
an im]K)rtant aim in this work to attempt to ]»lace on a surer and 
more unifoim basis the diagnosis and nomenclature ot animal tumours 
encountered in (his (M)unttv. To do this it is found necessary to pay 
close attention to tlie miinito histfdooicij] and more esi)eeially tin* 
<‘ytolo^’ieal morpholoi»'y of the tumours, with a view to malsin<^‘ asail- 
uhle more detailed descu i])tions than are usiialls to lie found in the 
literature. 1 ladieve that more exhaustive <leseriptions in reports of 
tumours would ](*ad it) mueli j^reater clarity ami ^s'(>u1d form a moie 
satisfactory basis for com])arisou, aiiart from tin* value tliey have 
from the j^eneral l)io]o<iieal stand])oiiil. In the last analysis, however, 
th(* diaj^nosis of tumours still remains almost as much an “ art " as 
a science, and no one can tell another how' to tlia^iiose n(M)])lasins, 
hut only hoAv to learn to do so. Facility in diagnosis is to he 
obtained onl^ liy calling* all available emhryolooical and cytolo^ital 
knowledge to the assistance of one’i* mental e(ini])ment in patliol()f»y. 
It is this rainiticatinn ol neoplastic ])atholof>‘y into sevtual othei- 
spheres w'hich renders it im])ossil)le to undertake its study w'ithout 
contrihutiii»‘ in some measure to other ])havses ot patholo^\\ and to 
our knowd(‘(l<»e of normal morphology and of tissue and cell hiolo^A . 
As William James has said: “ We learn most about a thinu* wlnm 
we view it in its most exa^'^’orated form and tins generalisation 
is never more true than when aj)j)lied to the observation of cells and 
tissues in their mM)])lastic ^manifestations. 

PrOULKMS of tb.ASSIFlOATlOX. 

l^he efl'ecdive < lassifieation of neo])lasms and closely related 
lesions ])resents one of the subtlcvst jmiblems in ])athol<)^y. Impatient 
as some j)eo])le may be of the apparently barren nosological discus¬ 
sions in which our pathological literature abounds, nomenclature is 
yet the measure of the orderliness of the state to which a given 
biological subject has advanced. And one should distinguish betw'ceu 
two dilemmas of nomenclature which may confront the jiathologist, 
the one more elementary, the other more advanced : those diffii-ulties 
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<)t iioinencluiiui* wliicJi (l(‘])eii(l, not ujuni au iiisulti( i(‘iicy of factual 
kiiowle(lf>e, hut lathej- upon the circumstance that thoi*ou< 4 'h observa¬ 
tion of the facts has brought us to a consideration t)l fTindamentuls, 
belong* to the latter category; sm-h classiticatory discussions, undej- 
taken when no lon^ei’ doubt exists as to the actual nature of the facN 
observed, are to la* resjiected as indicative of the dejdhs to which 
observation has led the pathologist: not as (oidessions of ignorance 
but, on the other hand, as ihadaratioiis of tin* intenvst whicli a 
challenging- ])robleni and an a])preciation of its ijilricacies lias ai-oused. 

We ai‘(* to-day conniiittiMl to a classiticatory s,\st(‘iii Axhich rc^^ts 
upon a dual basis of hi-^toloo\ and hislofi(‘in*sis (nhile ni certain cases 
also aetiolofj-ical crit(‘iia are u.-ed, e.^-. esj)e(-ially in assessing’ tjuiis- 
niissible tumours and tumour-like diseases). Hut our definitions of the 
cell types and of their histological juoducts and tiu* [latterns in whicJi 
these are arranged are oitiMi va«>ue, as ai(* also the criteria whicJi are 
used as evid(*nce of histo<^enesis. lle^'arilin*^* the latter, the difficult 
(pieNtion of the si^’iiificaiu-e of the ])henoni(‘non ot tissue-continuity, 
>o often tacitly assumed as a pi oof oi In^to^'enesis, will leceive atten¬ 
tion later in thi^ work. It will lie seen tliat, in some cases at least, 
om* may fall into ‘^rav^* eiror through assuming thal (ontinuity of a 
ueo])lasti<‘ tissue with jin'-existino* fissm* denotes an orif»*in of the 
tormer from the Iati(*r, because lueiures of most intimate continuity 
may arise betw(M*n a neoplastic tissue and the structuies that it is 
invading. Yet one would not, on the basis of this obstuvation in tin* 
(-ase of certain tumours, wish entireh to swt‘(*p away tin* plnmonnmon 
oi continuity as e\ idem-c of histo^i'uesis in othej- cases, wdiei-e iude(*d 
W(» olt(*n liavt* little else to dejiend uiion in our delerminat if>n ol the 
origin ot a tuimmr. Jud^^*ment must la* us(*<l in each individual ca-^e, 
and I ha\a* not In'sitated in allowino* myself to be influenced by the 
ap[M*arance of (-ontinuity as evidence oi hist(><»enesis in man> cases. 
Whib* admitting that w(* are often working- with jkuu- or douhle- 
i*d^'(Ml tools in t-aivin^ out our elassifieation, wi* mn"! in‘veit heless 
sti-i\e to niakt* them r(’nd(*r tin* most efl(*(tiv(‘ and safest s(uvie(* 

I loss ihie. 

'fhej-t* is always tin* tendein-y for tin* enthusiastic hist('])atho- 
loo-isl to multijily iiomein-latural terms on tin* basis of vaiiafion in 
those inorjilndoo-ieal ap]tearain'es \\hieh eharaet(*i-is(‘ tin* hislolouic-al 
\ai i<*iies ot tumours or which provide evidence ol histoo(>nesis ; and 
this t(*inlency has to lie ke]>t in eln»(-k for two j(*asons: firstly, 
aj)[)arently <>-enuine ]nor])holoj»ieal distiin t ions, not (-orrespondiu” 
with clinical, prognostic, or aetolo^yical differein-es, may he of little 
interest to any one (*X(-e])t the hisiojiatholoe.ists themseUes; 
secondly, non-essential morjdiolofiieal variations ma\ he mistaken for 
esseniial ones and may then he erroneously assessed as liein^ of 
sufficient iniportiim-i* to warrant the esiablislinn'iit ol distinct classi- 
fieatoi-y varieiies. In a sense, almost e*\er\ tumour has its jiatho- 
lo^i(*ai-nnatoinieal individuality, and we should bear in mind that 
although “ no two leaves are alike ”, yet “ there is not hi n^*- new 
under tlie sun ICnthusiasm for morpholoo-y, if (‘airied to its 
exirenies, (*.()uld doubtless siueeed in devising- a new' name for almost 
evei-y tumour encountered. The moridiolon-ieal variations that have 
been mentioned as non-essential from tin* classiticatory standpoint 
include two main types:—(1) Further stages ot development w'hi(*li 
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are under^Diie by the tuinoiir tissue: the difHciilty here arises that 
we usually exaniiiie a tuiuour at a sing'le stage of iis development, 
and try to understand what is tein])orally a eontijiuous proeess by 
means of studying a single “ eross-section in time The danger 
may be illustrated by the simile of eutting uj) a (*inemat(igrai)h film 
into its constiliieni units, and arranging them as a gallery of different¬ 
ly labelled photographs: one and the same entity may be classified 
by different names if isolated in different stages of its unfolding. 
This may esi>e<*ially be. the <*ase in neoplastic and pre«neoplastic 
pro<*esses oc^curring in organs whose cells are characterised by a 
certain vigour of jiroliferative ability and a variable growth-mode, 
such as the liver and the thyroiil. Tn the iormer, for example, it is 
probable that a proliferative process may be variously classed as 
nodular byjierplasia, adenoma, or carcinoma depending on what stage 
it has reached uhen the sijeciinen is examined. While we (*ainiot, as 
liistopathologists, do away with these distinctions, it should be 
remembered that they are, to some extoul at least, artificial; and th<» 
octuirrence of iiitermediatc grades between these three types of 
proliferation warns us against cfuisidering these (dassificalorv com- 
X)artments watertight iji all (*ases. Similar considerations ap])ly in 
c(»nnection w’ith certain “ meta]dasti(‘ ” transforma I ions of tumour 
tissues w'lii(*h are nothing hut reffeetions of tlie ])oten1ialities of their 
normal honiotypes: it i^, for example, a very normal i)roce.->s t'oi* 
hone to replace ('urfilagc, .so fhai in many cases we should hesitate 
to make any radical distinction hetween chondrogenic sarcoma 
(chondro-sarcoma) and osteochondrogenic' sarcoma (osteochondro¬ 
sarcoma). On the other hand, such objeclioiis need not apply to the 
distinetion hetw’een, for exam])le, 1> mj)ho(‘yioma and m.velocytcnna or 
jM'ythroleiicosis: although the cells of the one ma> rej)reseni tlie 
refle<dion of a normal differentiation-potentiality of the other, the 
whole nature or jiathology of the |)ro(‘esses may be very different. 
(2) Seeondarv changes occurring in neoplasms may sometimes he 
diffienli to distingnish from j)rimary or essential charactt*rs: thus we 
alteni])! to ilistingnish between a fibroma affected by oedemalous or 
mucoid changes and myxoma; between “ })eritbe]i()ina ami Inmours 
in wdiich necrosis, affecting all the <*ells excej»t those in the neigh¬ 
bourhood of hlood-vessels, has produced a false ])eritheIiomafons 
appearance. In such cases we mav liave to he guided less hy the 
grosser histological features than hy a. detailed study rd’ (he cell tyjies. 
Similarly, changes occurring in the stroma of tumours (e.g. osteo- 
jdasia) are to he distinguished from an essential osleogenetic* teiid(Micy 
of the tumour cells. Such examples could easily he mnlti])lietl and 
are (piite familiar to ])atholt)gists. 

It thus becomes ahundantly clear that enthusiasm for detailed 
morphological analysis as a basis for nomenclature must be ke])t on a 
tight rein. Pathological nomenclature has a natural history of its 
own: firstly, a stage of childhood, where merely on account of 
ignorance one term may serve to (*over wdiat are in j’cality a mimher 
of distinct processes; secondly, an age of adolesccTice, where names 
must perforce he multi])lied in order to pigeon-hole the various 
appearanees for future (‘oniparison and revision until, with time, 
greater experience shall have been gained; and finally, the stage of 
maturity, when comparison has succeeded in determining what are 
but natural developmental (hanges, in w^eeding out the secondary 
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from the essential nioipholog^ical distinctioiis, and in correlating 
morphological appearances with clinical and above all with aetio- 
logical considerations; with a resulting re-simplification of the 
terminology, Nomenclature is thus, far from static or permanent, 
nothing iiiore than a summary of the knowledge at any given 
moment. It starts by being indis(*rimiiiatingly simple and ends by 
being discriminatingly simiile. The stage of adolescent nomen¬ 
clature has always to face dis(*.ouragemeni and scientific ridicule by 
those who are over-anxious for progress or by those who do not 
appreciate the natural growth of classification. Hut multiplication 
of terms during that stage is unavoidable and is, indeed, essential to 
jirogress. The re-simplific.ation of nomenclature may, it is true, 
sometimes lie oxerdue, ])athologists not seldom being reluctant to 
j)iit away childish things We see to-day, for example, a move¬ 
ment to abolish the term “ hyperne])hroma and to bring the 
adnmal tumours back into line with ])revious]y established types 
(adenoma, <*{ircinoirui, neuroblastoma). The same applies U) 
‘‘tbyinoma”; while some more ruthless (but equally logical) 
reformists ar(» urging more radic'al changes in nomenclature because 
they consider that the older terms have lost their signific-anee in the 
light of newer aetiological knowledge or of more fundamental 
embryological (Mmsiderations. Oertel (IJKU) (‘ontends that the time- 
honoured distimtion of carcinoma from sarcoma has to-day lost its 
significance. Hut the majority of ])a1hologists hesitate to jigree that 
the time is ri])e for radical letorm, althougli all look torward t<» the 
day when, on the secure foundation of aetiological enlightenment, we 
shall be able to ])ul away tin* cdassification xvliicdi has served us so 
long but so inditYerentl.x well. The exi)erimental ])ro(luction of 
mesoblastic tumours (sarcoma, myelocytoma) by the agent (tar) 
which is already well kiioxvn as a cause of e])ithe]ioina may well be 
the xvritiiig on the xx’all foreshadowing the adx^eiit ot such reforms: 
from the exjHMimental standi)oint it would seem that all are 
“ cancers ", xvhether of epithelium, connective tissue, or haemo- 
poietic tissue. Yet one must be cautious not to < ojifiise a cause xvitb 
a diseast*: to the clinician aedinojuyeosis of a lymph-node remains a 
lymphadenitis and actinomyc-osis of the lung a pneumonia, although 
tin, aetological identity is established; and the clinician wdll, how¬ 
ever the ])athologist max classify, rightly continue to concern himself 
])rimarily xvitli the disease and secondarily xvith causes of disease. 

It is intended in I his xvork to folloxx' the general outline of 
accepted histological-histogenetic classification of neoplasms, so far 
as possible ainl in accordance xvith the need of presenting intelligibly 
the material contained in the ()nderste])oort collection, although the 
sub-classification of the main groups xvill be disi^iissed in detail when 
dealing xvith the tumouis in question. I'he arrangement of the 
tumours in chapters has no sj)ecial classificatory signifif*an(*e. but is 
made mainly for convenience of ]>resentati()n. 

Hroblems of Diagnosis. 

The completion of this xxork necessitated a re-examination of 
many crises that had already been examined in the routine. A small 
percentage of su(*h cases had been erroneously assessed, in relatively 
fexv cases no diagnosis at all had been ventured, and in a large 
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iiuiuber of cases revisions of tlie nomenclature eiui)lo.yed liad to be 
undertaken in order to conform to a uniform system. Most of the 
more recent specimens in the (‘ollection AveTe subinititMl to me directly♦ 
and the research investigation was then cojubined with the examina¬ 
tion for purposes of routine diagnosis. In this work, it was inevitabJe 
that some insight was obtained into the diftic ult ies which have beset 
my colleagues and predecessors at this Institute regarding the 
diagnosis of neo])lasnis. It is impossil)le to mention all ot these, but 
some of the most important and the most fruitful sources of error 
appeared to be as follow: — 

JJiffcrcntiation of NropLasfir from fha yon-nooplasfir /.rslons. 

This, as is well known, often involves extreimdy puzzling 
problems. Kspecially are here (*oncerned those hyi)erpbistic jjrocesses 
which approach lU'oplastic grade, of which common exam])les aie: 

(1) FihrohloKtic jtrolift raiIons of the .s*/'/n o/ equincs. —Tt was 
found that many lesions of the skin f)f equines which had been 
variously diagnosed as sarcomas or granulomas w(»re in reality th(‘ 

sarcoids ” descjibed later in this work. There was, on close histo¬ 
logical analysis, seen to exist no uniformity in tlie assessnnmt of such 
lesions, and even tumouiN whicli I considered as sarcomas had been 
diagnosed as (cellular) fibromas. There appears to be littb* doubt, 
however, leaving aside tlie more (divious errors arising from insuffi¬ 
ciently <*lose study of such lesions, that grades of ]noliteration 
actually intermediate between sarcoma and granuloma exist. To 
these the term ** sarcoid ” lias been a])plied. One can easily pick 
out from the collection a closely graded series of specimens showing 
every transition in histological structure fioiu granuloma to 
“ spindle-(‘.elled ’’ sarcoma. Differential diagnosis depends, as 
jiointed out in (Jhapter YIl, on the demonstration of anaplastic 
changes in the jirolifeiating fibroblasts, especially nuclear iiiegu- 
larities and a distinct increase of the nucleolar-nucleai* ratio. 

(2) H i/j}('rp/asf ic />;•<> rc.s.vc.v of Jirrr ond Ihi/nfid rpif hvini m. - 

These are dealt with in Chapter IV. It is difficult in the cas(* of liver- 
cell tumours to distinguish between adenoma and carcinoma. The 
occurrence of infergrades lias resulted in the iiitioduction into the 
literature of tlie non-committal term “ bepatoma It is also 

possible to observe transitions from nodular hy])er])1asias to benign 
tumours and judgment depends on an assessment of the degree of 
independence and antfuiomous growth {aus sirh hrrnus) wdiich the 
tissue has attained, esjietially as shown Ijy encajisulation, liy 
pressure against the surrounding normal tissue, and by the attain¬ 
ment or possibility of attainment of considerable dimensions by the 
inoliferating area. The same ap])lies to the distinction between 
nodular hyperplasia and thyroid adenoma. Here, also one feels 
that one may be dealing w’ith a biologieally contiruions ])rocess, and 
that our classificatory distinctions are to some extent artificial. 

(•!}) Many norlules composed of adrenal coritcal tissue and 
diagnosed as adenomas ])rove to be nothing but accessory (‘ortieal 
nodules composed of normal adrenal cells which have during 
embryonic development come to occupy an abnormal position and 
arrangement with reference to the rest of the gland. 
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W Cfjstir vonditiona may be mistaken for tiimouis. Aiuoiit^ sueli 
were (jystie degeneraiioii of the ])it.iiitury (mistaken for adenoma), 
oon^enital bile-diiot cysts (ein)iieously diaf»*JKJsed as bile-duct-cell 
adeiioma of the liver), cystic Hninner's j^lands it) the sheep (diagnosed 
as adenojua of the duodenum), and cystic lymithanj^iectasia ut the 
serous membranes of birds (likely to be confused with iymi)han»ioma). 

(o) In fowls, niany lesiojis had been diagnosed as m*oplasins, 
and called endotheliomas, peritheliomas, round-celled sarcomas, 
which on crilical re-examination ])roved to be nothing* but granulomas 
in \vhi(di ])roliferating cajiillaries or round cell infiltration and multi- 
])licatif)n were prominent. "Fhe subcutis of the l)ird a])])ears to have 
remarkable poweis of proliferation in res])onse to vari(Uis stimuli and 
its haeino|)oietic ])otentialities are well known to avian haemato- 
logists. One should in any cas(» be (autious before diagnosing endo¬ 
thelioma of fowls. I have never em*ountered such a tumour nor 
apparently have Keldnian or Joest and Krnesti (llUti) in the 

examinalion of their extensive colb^ct ions; and although both Jlegg 
and burth (19d4) have rejiorted transmissible “ endothelioma 
of fowls, the justification ot the term trom the histol(»gical and histo- 
genetic standpoints cannot be regarded as satisfactory. In granula¬ 
tion tissue of the bird, the ])r<diferating endothelium may be ver.^ 
prominent, actually dominating the pictur(‘. d'ln* ditlermit iation of 
gianuloinas (diaracterised by prominent proliferation oi lym])h(»id 
elem(‘nt> iiom iMiijihocytomas alsc* lecjuires caution and one should 
he at ])ains, by (*\ainining a number of sections, to exclude an inllam- 
matoi\N oiigin for tin* lesitm, especiall> by the )‘mplo\ment of bacterial 
stains, (’hi'onic inflammalor\ lesions of the abdominal serosae (d' 
fowls, whi(d) aiise es])eciaii> tioin the irritation caused b> Ina* egg- 
yolk in the ]K‘ntoneal ca\it\ are not infr(*<iin*nlly mistaken for 
iniplantati(»n-carcinosi> or sarcoinatosis. I'ln* nodub's on the serosat* 
an* usnall\ rather unifoinily small in size, and th(*ir diagnosis 
dejiends on I he finding ot infiltrating and jiroliteiating macro])hage^, 
esjiecially a'^socialeil with dejxisits of yolk. 'Fhe distinction trom 
implantations ot histocytic sarcoma, in wdiiidi lij)o])hagocytosis is 
often also a pi-ominent teal me, deiiends finally on the demonstration 
of tin* juesence or absence* e»f anaplastie e hanges in Ihe e ells and of 
invasive growth. The l(»sieuis uinh*j’ di>cU‘^sion often occur together 
with im])Iantation-metastases, ie»r tlie leason that the ])rimary tumour 
resj)onsil)le for tin* latter is in most cases situated in the ovary, 
invasion of which organ fa\ours the setting free of egg-yolk in the 
])eritoneum; ami it mnsi conse(|uentlv he ]emembei‘(*d that not all 
of the miliaiN nodules found on the serosae in cases of abdominal 
malignancy of fowls need necessarily be >oung secondary n(*o])lasms. 
In fowls difliculties may also arise in the distin(‘tion betwc*en leucotic 
diseases and lymphatic pndiferative processes: hyperplasia of 
lymjihoid celh^ in (he liver is sometimes difficult to distinguish tnin 
lymjihoid leucosis: the distinction is to be based on the degjee of 
differentiation which the cells tend to undergo, the extent of the 
])rocess (difiiculty of lesions of lymphoid leucosis in the earliest 
stages!), and the presence or absence of actual invasive growth; the 
latter feature is most important, and in all cases diagnosed as 
iym))hoid leucosis, one should be able to demonstrate aidual aggresive 
growth, e.g. in the hepatic paremhyma. Similarly, myeloid cells 
often a])pear to ])articipate in inflammatory hyperidasias in fowls 
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aiul ill addition to graniiloc.yies whioh have infiltrated the damaged 
tissues from the bloodstream one may encounter local j)roliferation 
and differentiation of granular cells from their jirecursors. Such 
lesions may often he seen in the ovary, wliose stroma appears to have 
wide potentialities of proliferative response in infections or irritation 
caused by ruptured ova. Such lesions have to be distinguished from 
myeloiytorua (often also found in the ovary) or inyeloid leucosis. 
Again, judgment dei)ends largely on the demonstration of a cause for 
inflammation or on the finding of actual invasive growth. It may be 
said that such problems encountered in avian pathology are especially 
likely to embarrass those whose experience is largely confined to 
mammalian pathology. The same fundamental criteria apply, but a 
slightly ditt'eretit set of values is necessary in assessing many of these 
proliferative procjesses in birds, some of whose tissues appear to 
possess a readier and more elastic responsiveness to stimuli than is 
the (*ase in mammals. 

Difficulties in the Assessment of Malignancy. 

I'he establishing of the nature of the tissue and the cells involved 
in a neoplastic proliferative process having been accomplished, 
difficulty often occurs in deciding whether one is dealing with a 
benign or a malignant tumour. Further, the inter])retation of 
malignancy, of (e.g.) (nucinoma as oj)posed to adenoma, varies some¬ 
what. In this work ve have based our conce])tion of malignancy on 
the criterion of invasive growth, whether or not actual metastases are 
or even are likely to be established. As is well known, however, the 
decision may present extreme difficulties and in some cases it may be 
necessary to rely largely on features of the cytology, especially the 
demonstration of anaplastic changes in the cells. Yet even anaplastic 
changes may be absent in tumours capable of invasive growth. The 
difficulties of the differential diagnosis of adenoma and (*arcinoma of 
the liver have been referred to and will be returned to in detail in 
(Uiapter IV. They may be very embarrassing, if not im])ossible of 
solution, in cases where one is required to make a diagnosis from a 
sTnall fragment of the tumour, especially if it does not include the 
boundary between the neoplastic and the normal tissue. There were 
also encountered lesions diagnosed as fibroma, of which, had 
sufficient attention been paid to anaplastic cellular changes, 
especially nuclear abnormalities and nucleolar enlargement, the sar¬ 
comatous nature would have been apparent. Many lesions in towls, 
esi)ecially of the ovary, commonly referred to as adenomata, are 
really carcinomas. Tin? tumours may lack anajdastic cellular 
changes, have a slow growth rate, and fail to produce true 
metastases(^), but their ability to penetrate the serosa under which 
they develo]) and to give rise to traiiscoelomic implantations stamps 
them as malignant tximours which should therefore be termed 
carcinomas. In this connection it may here be pointed out that in 
this work the term malignant adenoma has not been admitted; the 
tumours described as such are carcinomas, the criteria of a 

(^) This is no unusual character of avian carcinomas, which having no or 
little tendency to invade blood-vessels fail to produce metastases readily because 
the anatomy of the bird does not favour lymphogenous metastasis. Allowance 
should be made for this in assessing the nature of epithelial neoplasms in 
avians. 
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caroiiioma heiufj* its opifbeliul uaiuie aiul its (aparity for invasive 
p-owth; ill the last analysis, its aetiial structure does not count, the 
invasive capacity overriding? all other criteria, however useful these 
may often be in the study of a tumour. 

Other Diffirvlties. 

Some thymomas had been diag'iiosed as lymphosarcomas, the 
situation of the tumour not having* been taken into a(*count and 
detailed histological study having been lac'king. A small thyroid 
adenoma had be(ui diagnosed as spindle-celled sarcoma because a 
suj)erficial restunblance (jf the s])indle-shaped cells to fibi'oblasts had 
been considered, rather than the determination of wliether Ihese cells 
actually were fibroblasts: the criterion of the latter is of course their 
fibroplastic capacity. In human pathology the striking way in which 
proliferating cells arising from thyroid ei)itheliuni ma> resemble fibro¬ 
blasts ivS well known, and the actual existence of sarcoma of the 
thyroid is still a vexed question. The diagnosis of eml)ryonal 
nephroma, both in fowls and domestic* majnmals was often found to 
give rise to ditfi(*u]<y. The “ sarc*omatous moiety of these tumours 
may often be overlooked, ihe neoplastic spindle (*ells being mistaken 
for a cellular stroma. Indeed, it is not certain wbetber lesions winch 
still are classified in tlie (ollection as simi)le adenoma or carcinoma 
of lh<‘ kidney are noi also embrsonal tumours, in origin idmiticul with 
Ihe (‘iiibryonal ne])hromas, tlie only difTerence being that in the sinqile 
tumours full realisation of the e])ithelinid ])otentialities of the cells 
has been attained. In such cases, however, oiite has no means of 
jiroof; but it is interesting in this conne<tion to recall the theory 
that most, if not all adenomata, aie to be ascribed to anomalies in 
embryonic devebqnnent. 

As is iiienti(»ned in more doiail under the headings of l)asal-cell 
ej)ithclioma and ot the contagicuis (\enereal) tumours ot the dog, the 
liasal-cell tumours were often mistaken for adenomata. T'sually the 
I issue from w hich the\ wen* snp])osed to arise w as not stated, but in 
some cases a sweat gland origin, or in otheis (these lesions occur on 
the bead) an origin fiom a sali\ary gland was thought of. ^Ihe 
transmissible canine tumours, on tlie other hand, weic* sometimes 
mistaken lor basal-cell tumours. There is of course little similarity, 
but in both lases a histogenesis cannot be determined. 

I jess serious differences ot opinion whi(*h arose on re-exam i nat ioii 
of the mateiial after routine diagnosis concerjied einbiyonal tumoins 
of the mammary gland of bitches, wdiich had often been diagnosed as 
simple carcinoma or simple (spindle-celled) sarcoma due to failure to 
take account of any but the iiredominating type of ])roliferation or 
failure to cut a sufficient number of sections from ditterent ])arts. 
Confusion had also arisen in the distinction between liver-cell and 
bile-duct tumours of the liver and also of primary from secondary 
liver tumours: in many of these (*ases an o])inion (which is essential 
to a (‘omplete diagnosis) bad not been ventured.(^) 


(2) Jt must not be thought that the foregoing remarks are intended as any 
reflection on the excellent pathological routine service carried out by my 
colleagues at Ondersiepoort. From them the author has received every possible 
help in the correction of mistakes and he himself is one of the routine workers 
w^ho in the past has been guilty of many errors in tumour diagnosis. 
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Enough examples have been g:iven to show that the aeeurate 
histologrioal diagnosis of neoplasms of animals (like those of man) 
often presents great difficulties. The remedy appears to lie largely 
in acquiring that expeiience which is gained by familiarity not only 
with all kinds of true neoplastic processes, but also with processes 
resembling or likely to be contused with the neoplastic. In this 
country, such experience is readily to be obtained by consulting the 
annotated histological colletdion of neoplasms at Onderstepoort, 

Tuk Auci.kolcs jn Tumoi’k (Ikij.s. 

Scar<*ely any attention has been jiaid to the morphology of the 
nucleolus in neoplasms of domesticated animals, th'casionallv one 
finds it mentioned in descriptions of tumours that the niudeolus is 
“ easily visible " or “ not easily distinguished or that it is 
“ prominent Such terms do not (*onvey with accuracy tlie actual 
state of the nucleolus, liegarding human tumours, in Ewing’s 
Neoplastic Diseases w’e read that “ in epitheliomas great ex(*ess and 
multiplicity of paranuclein bodies is somewhat characteristic*, while 
in endotheliomas the nucleoli are relatively small This statemeni 
leaves one wdth but a vague impression of tlie stale of the nucl(‘olus 
in tumours of man : wdiether it is intended to apply to all of the 
several kinds of epitheliomas, W'hether the feature is confined to 
epitheliomas, whether in endotheliomas the relative smallness of tlie 
nucleoli is judged by coniparisou wdth the large nucleoli of 
epitheliomas or by comparison with the non-neoplawStic endotlielial 
cell, and what the jiosition is in the cells of the other kinds of 
tumours is left doubtful. Further, we have^ no information regarding 
nucleolar changes other than those which concern number and size. 

More recently Macthirty (19tJtS) and Mact^irty and llammeder 
(19'14) have investigated the (luestion of tlie size of nucleoli in human 
tumour cells with more precision, aud have coneduded lliat an 
enlargement of the nucleoli is constant iji all malignant tumours, 
while in benign tumours and non-neojdastic* proliferations such 
eiilargeineiit does not occur. Tlte absolute size of tbe nucleolus is 
not measured, but tlie size is stated in teims ot the “ iiucleolar- 
miclear ratio ”, by wdiicb is meant the areal ratio existing between a 
nucleus in section aud its nucleolus. They do not make distinctions 
between the various classes of malignant tumours, concluding with 
the general statement that the average nucleolar-niudear ratio('’) is 
l!5 to Ill7 for malignant cells and llFl to 1:45 for uon-niulignaut 
cells. 1 believe that these authors have performed a valuable service 
by drawing attention to the prevalence of nucleolar enlargement in 
malignant tumours; but in making the generalisation just mentioned, 
they omit to define W'hat they mean by a malignant cell or a 
malignant tumour, conceptions wdiich are by no means free from 
ambiguity. Further, it appears to me that in considering nucleolar 
enlargement in any tumour cell, it is essential to take into accjount 
the size of the nucleolus of the corresponding normal cell: for it is 
obvious that any given niN ratio may represent very different degrees 
of nuceolar enlargement in different kinds of cells: in normal body 
cells, great variations in the n:N ratio occur, and it is w’ell known 


(3) Subsequently in this warh this term is abbreviated to n.’N. 
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that ill some (e.»*. neiM' cells, cells ot the adrenal cortex, epithelial 
cells in general) the ratio is large or considera])le, while in others 
(e.g-. fihrocytes and endothfdial cells) it is small, and in still others 
(e.g, lencocytes) nucleoli are not ordinarily visible at all. Thus a 
11 :N ratio of, say 1 :10 may reflect little enlargement of the nucleolus 
of .some epithelial cells, while it may represent considerable enlarge¬ 
ment of the nucleolus of e.g. an endothelial cell. A diagram of the 
lange of n;]S ratios which will be referred to in this work is slunvn in 

flg. 1. 


DIAGRAMATIC SCALE OF n: N RATIOS 


’CM3. 


1:1 5 


1:2 


(§) (?) 

1:3 1:5 


©000 

1:9 1:16 1:25 1:50 



t’lo. 1. Diagram of th(* various nuflcolar-nuclcar ratios r‘t*forrt‘d to in th(‘ text. 


Of changes in siiajie and texture and staining reaction of I he 
nucleolus I find no mmilion in veterinary ]>athology and liave been 
unable to find deal* statements in human pathology. Vianese {rif. 
Mwing) as early as bSDfJ described certain bodies witliin the nucleus, 
occurring especiall\ in the tumoius ol' the live]*, as “ pseudo-adi])(!se 
and cystic degeneration oi mn leiis ”. Jt seems almost certain that 
he was actuall,> dealing with altered nncleoli, and similar bodies 
wbicb 1 had tin* oi)portunity ot observing in human liver tnmonrs(‘) 
are undoubtedly of miclecdar origin and similar to tho.se whicli we 
shall describe in animal tumours. It would ai)pcar jirobable, how¬ 
ever, that the latter ])rovide moie suitable material for study, in that 
the changes in ijuestion are more often encountered, especially in the 
extreme form which Piane.se described us a b>aIinosis of ]mrt or the 
whole of the nucleojilasni. 

1. (lunufvs in .size. In tumours of domestii* animals, increase ot 
the niN ratio (see e.g. tigs. d, 4) is very often found in malignant 
tumours, aud never in benign tumonis, in my experien(*e. Jly 
malignant tumours I here mean those that are (diaracteiised by 
invasive growili and in wdiich, tlierefore, metastasis occuis or a 
possibility of metastasis exists, and I include here the tumours some¬ 
times spoken of as malignant adenomas, e.g. of the liver. The largest 
niN ratios are to he found in aeaiithoma, in hejiatoma, in the trans¬ 
missible (venereal) tumours of the dog and those heart-base tumours 
(Chapter XI) whieli have a similar moridiology to them, and in 
sarcomas. Increase of JilX ratio may also be eiiconntered in other 
malignant tumours e.g. endothelioma, mesothelioma. It was not 


C*) Examined throiigk the enurtesy of Dr. J. Gilinmii and Dr. C. Berman. 

21 



INTEODtlCTION. 


encountered in tli^uiouiae. Although the thymomas aie not usually 
associated with metastasis, they grow invasively and must he 
reckoned as malignant tumours; ami in some endotheliomas it was 
also absent. Members of both these groujis of tumours Mould apiiear 
to constitute exceptions to the rule ot MacCarty and Hammeder that 
an incieased niJf ratio is absolutely constant in malignant tumours. 
The largest n:N latio mentioned by these authoin was 1 : 5 . In the 
tumours of domesticated animals, latios of 1:2 have not infrequently 
been encountered. The largest ratio I have observed, via. 1 ; 1-5 
was encountered in a cell ot a “ mixed-celled ” suicoma of the fowl 

tr» 128 ). 



Kn,. 2.—A distorted and entailed nuotcolus in “ inixe t-ocUed sarcoma of the 
fowl (8487 ; 750 v ) 



Fio. 3. An enlarged, twisted, and elongated nucleolus in a neoplastic macropiiago occurring 
in mixed-cellcd sanoina of the fowl (8187; 750 X). 
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THE N'tJCI^OLCS IX TUMOCE CELLS. 



Fia. 4.—A greatly oiilargcd and angular nuclcolug in *’ mixed-ecllpil ” sarcoma of the* 

fowl (14117 ; 9r)0 X). 


2. changes in Shape .—lii inauy <lifferent kinds of iiialipnant 
tumours a departure of the nucleoli from the spherical shape is to he 
seen. The most common change is to an oval or rod shape. Nucleoli 
may also assume angular, lobed, pyriform, or tvisied forms. These 
oWnges may he seen especially in the mixed-celled sarcomata of 
fowls (Figs. 2, 3 and 4) in whicji the elongated nucleolus may also lie 
with its length at right angles to the long axis of the nucleus, but 
also in a variety of mammalian malignant tumours. 

a. Gross Changes in Appearance .—A very characteristic appear¬ 
ance, w'hich is apparently identical with that described by Fianese in 
human tumours, may be seen in certain tumours of mammals and of 
birds, esi)ecially in malignant tumours. I have encountered it in 
liver-cell carcinoma of the sheep and fowl, cholangiocellular carc i- 
nonia, neurfibroma, ami thymoma of the ox, carcinoma of the lung 
and heart-base tumours of the dog, wrtical hypernephroma of 
the sheep, “ sarcoids ” of equines, and “ mixed-celled ” sar¬ 
coma »>f the fowl. When reaching its full development 
(Figs. S and 9) this phenomenon consists in the presence 
within the nucleus of one or more large, glassy, scarcely- 
staining or faintly eosinophilic, rounded or inegularly rounded 
bodies, which may almost <-ompletely occuny the nucleoplasm. As 
seen in this form, these bodies would probably be referred to as intra- 
uuidear inclusions, and it. does not seem unlikely that some of the 
bodies which have been described as such may be of a similar nature. 
These hyaline Iwdies in the nuclei of tumours are, however, 
altered nucleoli. All stages in their formation from nucleoli (Figs. 
5, 6 and 7) can be observed: the process starts as a vacuolation 
of the nucleolus, a single rarefied, lighter staining area appears in 
the centre (Fig. 6), or there may be multiple vacuoles (Fig. 5) which 
as they enlarge confer upon the nucleolus the multilocular or 
morula'te appearance of a Negri-body. Such vacuoles increase in 
size, or fuse, until almost the whole nucleus may be distended by a 
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I'tos. 5, 6, AND 7.—Stages in the development of hyalinisation of the nucleoli of neoplastic 
colls of animals :— 



Fig. Minute vaeuolatioiis ni)|Jt*aring in a nucleolus of a (*(‘11 of histiocytic 
sar(‘oma of the fowl. Notc» also the ntieh^olar enlargt^ment in two of 
the cells. (H487 ; 750 x). 



Fig, 6, More advanced stage of vacuolation in a nucleolus of a cell in a heart*base 
tumour of the dog: A considerable area of the nucleolus is occupied by a 
central vacuole. (15848; 750 x). 
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Fig. 7.- Almost tho whole of one of two nucleoli iu a cell of a heart-base tumemr 
of the dog is occupied by a hyaline vacuole. (ir)S4S : 7."»0 * ). 

sinjj’le inclusion ” wiiicli is now quite unrecoonisable as a 
nucleolus (b"i^. 9). If llie nucleus be orio-inally inultiniu lenlate, one 
oj* more ()f the nudeoli may sutter this cbaiif^e, so that either there 
juay exist multiple ** inclusions within a nucleus (Fift:. 10) or 
inclusions and nucleoli niay co-exisi in the nuclei (Fi^. 7)- Tn the 
latter event, esj)ecially, it is likely that a nucleolar orio*in of the 
im lusion body mip^ht be hastily dismissed by the obsei ver: (^)wdry 
and Scott (19‘{1), for example, mention the demonstration of a normal 
nudeolus within the (liver-cell) nudens as evideiu'c for the non- 
uncleolar origin of certain iniramidear indusions observed by them 
in the (non-neoplasti(*) liver cells of dogs. 1 am not concerned here 
with the accuracy of their conclusions regarding the genesis of tlie 
bodies in <juestion, nor do 1 wish to question such condusions, whicli 
were not based on this evidence alone; but merely to ])niut out that, 
since multiple nudeoli are a common feature of nudei, the observa¬ 
tion of an unaltered nucleus in a cell is no evidence that an inclusion 
body within the same nucleus may not represent an altered nucleolus. 
It would seem necessary, however, iu view of the ])roof which is 
advanced in this \vork of the nucleolar origin of intranuclear 
“ indusions ” in tumours, critically to re-examine the possibility 
that some of the other intranuclear indusions may not liave a similar 
origin. Further, it would seem ne<-essary, in considering the n N 
ratio, to iiudude such hyalinivsed nudeoli in the determinations. 

It seems profitless to discuss the biological significance of 
nucleolar changes in pathological (‘oiiditions until we are more certain 
of the function of the nucleolus under nojinal conditions, llecent 
work, e.g. Gardiner (1985), goes to show* that this function is a some¬ 
what “ humbler ” one than was in earlier times susiiected or than is 
suggested hy the appellation of the term “ germinal spot ’’ to the 
nucleolus of the ovum, and that the nucleolus may rejiresent nothing 
more than a store of metabolites or food mateiial and is chemically 
quite different from chromatin. It is as yet not clear wdiy some cells 
should have multiple or prominent nuedeoli, others inconspicuous 
ones, and still oJliers apparently none at all. 
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Fig. 8.~—Two oelU of a bovine oholangiocellular canrinoma affected by 
‘Mnclusions.” (6278; 1150 x). 



Fig. 9.—Large inclusion *’ oocupymg the greater part of the nucteu^i of a coll in 
the pulmonary metastasis of a heart-base tumour of the dog (same case 
as figs. 6 and 7). (15848; 750 x). 
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STROMA AND INTERCELLULAR MATRICES. 



Kip: 10. Multiple “ ineluHioriH ” in a binp^le nucleus of an hepatocellular eareirioma 
of the blieep : three are el(‘arly visible and a fourth (to the right) is slightly 
out of focus. (13320 ; 750 v*). 


Till SlIfOMV 4M> MJ.l lAU MviUirES ()1‘ TCxMOIKS. 

The slioinii (proper) ot a iuiiiour results from a jiro^jessive 
resjioiise ot eleiiieiils of iiieHeaeli.viiial «leii\atioii to the j)reseiiee of the 
luinour (ells, thereby the lattei leeeive suppoit and iioiin'shinent and 
a?e able fo maintain an anangemeut in a more or less eharacteiisfie 
jiafteni. Siu h stroma consists, iheietore, typicall> ot (•ollaf»:euous 
connective tissue and vessels, which aie present in vailing: amounts. 
It ma\ also in ceitain cases consist ot other tissues, e.g. smooth 
muscle, bone, etc. Fiom this stioma it is necessary to distiiif^iiish 
(a) ])re-existinfi bl(U)d-ve''sels and connective tissue belonging to the 
oroan in which the tumour is developin*^ or which it is invading:; 
such tissue may lultil all the iuiictions ot a newl> ioimed stroma, in 
which case it is con\eni(»nt to lefei to it as a stroma; (6) a tissue 
lesulting* from an aitual neoplastic transtormation oi the stroma: it 
is here not alwa\s easy to deiode what aie the limits to which a stroma 
ma,N overgrow betoie one is wan anted in consideiing it a separate 
neoplastic entity. This is especially the case when, as mentioned 
above, other tissues than fibrous tissue and vessels enter into its 
formation. This (juestion is discussed under the subject of the mixed 
tumours; (c) a neojilastic moiety imitating* the normal derivatiyes 
mesenchyme, such as may lesult (in embryonal tuniouis) from a 
multipotentiality ot the tumour cells themselves: thus, as will be 
described when dealing with the mixed neoplasms, in embryonal 
nephromas, tor example, fibre-juoducing spindle-shaped element* 
which are a jiait of the neoplastic proliferation itself must not be 
mistaken for a highly cellular stroma; (r/) intercellular matrices or 
neoplastic blood-vessi^ls which lesuIt troni the difterentiation of the 
tumour cells themselves: it is the identification and assessment ot 
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mvln str\ictur«8 tliat play so important a pari in the accurate 
diagnosis of simple tnnionrs of luesenebymal ori^^in, which are, 
indeed, (lassified on the basis of ibis dilferentiation (fibroma, 
(hondroma, fibroplastic* sarcoma, angioi)lastic endotlielioma, etc.). 
The necessity of employin^f, even in routine diagnosis, staining 
methods designed to differentiate specifically Ihese differeni products 
of tumour cells is often insufficiently api)re(*iated. Failure to 
investig'ate these asjjects of the morphology of tumours results only 
too often in erroneous or inaccurate diagnoses, in insufficiently 
detailed descriptions in the literature, and not seldom in a complete 
impasse in the attempted identification and classification of a tumour. 
This is. especially the case in regard to that intercellular matrix 
known as (fibrillar) reticulum, whose proper demonstration is often 
the first essential in the accurate study of certain sarcomas, endothe¬ 
liomas, and mixed tumours, and their differentation from candnomas, 
etc. It is well known of course that carcinomas, in contradistinction 
to sarcomas, lack su(*h inter(*ellular matrices, in virtue of their 
epithelial nature. But the position with regard to tumours of 
endothelial (*ells, some of the tumours (erroneously) c alled round- 
celled sarcomas ", thynmmas, and certain mixed or embryonal 
tumours is often left very obsc'ure. In revising the routine diagnoses 
of tumours of animals in this country 1 found this to be one of 
the most prolific sources of error, both in actual diagnosis and 
in the descriptions \vhic*h were recorded. Thus in solid endothe¬ 
liomas, tracts where the tumour cells themselves ])roclucecl abundani 
intercellular fibrils, thus assuming the nature of fibroblasts, uerc^ 
erroneously taken for the stroma (Figs. 14G and 147); and in mixed 
embryonal tumours, suc h as those of the dog’s mammary gland and 
the embryonal nephromas of various species, the mistaking of fibril- 
producing nec)])lastic cells for a true stroma led often to an inac‘(*urato 
diagnosis cff* a sim])le lumcjur, e.g. carcinoma. All these difficulties in 
diagnosis will be dealt with in detail in their proper places, and are 
mentioned here in explanation of the prominenc*e which the study 
of the phenomena described often receives in the microscopic protocols 
in this work. • 

Two further phenomena, which are of more general biological 
sigiiific'.ance, conciern firstly the evidence which will be presented 
regarding the mode whereby fibres are produced by cells: it will be 
recalled that considerable differences of opinion have arisen con¬ 
cerning the extracellular versus the intracellular production of (;oii- 
nective-tissue fibrils. In some of the tumours studied in this work it 
has been possible to show^very clearly that collagen may arise within 
the cytoplasm of cells, as is believed by some authors to be the 
universal mode of formation of connective-tissue fibrils (e.g. Lewis, 
1917, Mall, 1901-2, et ai.). Other workers (e.g. Maximow, 1928, 
DoHjanski and Koulet, 19^13), consider that fibrils are first deposited 
between the cells, under the influence of the latter but not by a 
direct conversion of their cytoplasm, while still others have advanced 
the surprising view that collagen may be deposited at sites remote 
from fibroblasts by a direct transformation of fibrin (Baitsell, 1910). 
The attitude of Wolbacb (1933) to some extent reconciles these 
opposing views: in brief his conclusion is that the precursor of 
collagen, although intercellular in position, consists in a liquid 
<*ytoplasmic product excreted by the cells. It is not possible here to 
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^ 1 (‘oiilroveisy; but the observations M"bi(*li 

\ull l)e made in connection with the histiocytic (“ iriixed-(‘elled '’) 
sarcomas and the embryonal nephromas of birds serve to show that 
intracyto})lasmic depcsition is at least one of the ways in which 
collagen jnay be developed (Fi^s. 11 and also 1J7). 1'his observation 
need hy no means ne(‘essarily l)e re^‘arded as conflictinft* with Wol- 
bach’s views on the mei hanisin of fibril ptodindion in the case of 
noN-itcoplasfir fibroblasts; foi the intracytoi)Iasniic deposition of 
collaj^en in nvaplastiv cells mi^ht find its ex])lanation in a failure oi 
the timeous ex(*i’ption from tiie (‘ells of tlie li(|iiid colla^en-])reciirsoi 
fornuMl in the cytoplasm. (Vdla^en reMiltin^* fiom an excessive trans¬ 
formation of the cyto})lasm of the cells ot avian histiocytic sarcomas 
may appear as a complete (‘apsiile for ('ach element when the cells an‘ 
mor(» widely si'parated; (u* nlum the ctdls are more closelv placed 
they may be welded into a sin<»le mass consistin”' ot alternate 
layers of cytoplasm and collagen-transformed cytoplasm (117). 
In embryonal nephromas of birds, a very abortive* attem|)t to fonn 
colla^*enons matrix may bo observed when the (*olla^>’en devclo])ino* 
locally within the c\t(»plasm do('s not separate itself llnuefrom, 
resnltiiiR’ in actual nodal inclusions of this substance* within the 
cyt<»plasm (Fij?. 11). 



Ki(j. 11lutracvtojilasniic* deposition of a globular mass of collagen in a cell of the embryonal 
nephroma of the fowl (1(5143; 1150 y). Van (lieHon stain. 

Secondly, in this w’oih mention will often be made of the 
association of reticuliiin fibrils wdth neoidastic endothelial eells. A 
view wdiich has in recent years grained much ground is that from the 
general vascTilar endothelium is to be distinguisbed a system of 
reticuloendothelial cells which are distinguished by their phagocytic 
powers, hy their association with reticulnni fibrils, and possibly by 
their ])articipation in haemopoiesis. This view* has much to recom¬ 
mend it, and from certain standpoints (the mechanisms of defence, of 
the segregation of foreign and endogenous paiticulate matter, ami of 
haemopoiesis) it is perhaps an essential conception and one which has 
been most productive of knowledge. Yet the exclusive participation 
of these cells in the production of reticulum is open t(» much doubt : 
Allen (1927) has presented evidei^e that in the endothelium of the 
renal glomeruli may be found reticulum fibrils, and in this work, as 
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will be Heeii later, it was often observed that neoplastir eiidoUielial 
cells of origin may not only be associated with a rich 

production of reticulum fibrils (Fig. 147) but may actually differen¬ 
tiate into cells indislinguishable from fibroblasts and concerned in 
the formation of collagen (Fig. 146). This is not surprising in view 
of the demonstration by Maximow (1925) that, in tissue culture, 
endothelium gives rise to tyj)ical fibroblasts. lJut much confusion 
has resulted from a failure to recognise this transformation in 
endotheliomas : as has been mentioned ^)ove, the transformed portions 
of su(;h tumours are usually mistaken for a true stroma. 

The study of the metamorphoses which cells are cai)able of undei- 
going and of the formed products whi< h they are capable of manu¬ 
facturing in their normal environment is supplemented to great 
advantage by the observation of these potejiiialities in cells when 
growing in abnormal environment; in tissue culture luid in neo¬ 
plasms. 


Thk Attkmptkd Kstimation ok thk Ghowth-Katk ok Tcmovus krom 
Examination ok fixkd Specimens. 


It has been attempted to determine the growth-rate of tumours 
by ascertaining the proportion of cells in mitotic division at a given 
moment (i.e. at the moment of fixation or death of the tissue). This 
proportion of dividing cells per thousand cells is known as the inilotic 
index (Willis, 19H2). Assuming that this determination is made 
under ideal conditions (viz, that the count is absolutely representative 
of the tumour as a whole—to ensure which great labour and examina¬ 
tion of many sections from different parts ot the specimen ma> 
obviously be necessary), the index may yet fail accurately to reflei't 
the growth-rate of the tumour, for two reasons:—Firstly, the 
method assumes that the division-time (i.e. the period taken for the 
mitotic process to be completed) is constant in difFerent cells and in 
dift'ereiii tumours; yet we have little information regarding the 
division-time of the cells of higher animals and, so far as 1 can see, 
no justification for assuming that it is constant, especially for 
different kinds of I’ells. A tumour w'hich has a mitotic index of 2 
may thus actually be growing at the same rate as cue whose mitotic 
index is 1 per thousand, if the cells of the first tumour take iwi(‘e as 
long to divide as those of the second tumour. Willis compared the 
growth-rate of tumours with that of their own (hepatic) metastases, 
so that he w^as dealing not only w’ith the same kind ( f (*elLs Init with 
cells of identi<‘Jil ancestry; there is, therefore, in such a case, 
more justifii'ation for assuming a more-or-less constant average 
division-time, althouglu the assumption is not beyond dispute. 
Where, however, one attempts to compare different tumours, and 
especially dift'erent kinds of tumours, great <*autioii should be 
exercised in identifying the mitotic index with the growth-rate. 
Se(*ondly, it is generally believed that amitotic division plays a jiart 
in the multiplication of cells, especially in certain kinds of tumours. 
In some sarcomata, for example, it is believed by many authorities 
that amitosis may actually predominate over mitosis. For this reason 
it is doubtful whether, strictly, one is even justified in assuming that 
the mitotic index is a true reflection of the number of cell 
divisions in a given volume of the tissue. This factor is doubtless of 
minor importance, but when one is dealing with certain tumours it 
is at least worth bearing in mind. 
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With all its drawbacks, however, the mitotic index remains the 
only method whereby one can express with more precision statements 
such as “ mitotic fip^ures are frequent, or present, or occur here and 
there One fiequently hears it said that benif>n tumours of a 
(certain kind of tissue are to be distinj^uished from their malignant 
counterppts by the presence of mitotic figures, or by the fre(iuency 
of mitotic figures. But often it is found that between the benign 
tiimoiirs and malignant tumours the difference in mitotic indices (like 
the differences in so many other “ diagnostic features) proves to 
be one of degree mid that a giaded series of mitotic- frequency occurs. 
Were these ideas expressed precisely, one would at least have some¬ 
thing to attfick in argument. Sometimes the erroneous statement is 
made that the presence o! mitoses is a peculiarity of malignant as 
opposed to benign tumours. But it is to be noted that in some 
malignant tumours mitoses may be very hard to find and an index of 
less than 1 is common. On the other hand, in many benign tumoins 
mitoses can be found, ])roviding that one has the patience to seandi 
long enough. (Vinsiderable <*ounts may be obtained in rapidly grow¬ 
ing infectious benign tumours such as the contagious bin^cal papillo¬ 
matosis of dogs. Tlie truly neoplastic nature of this disease is of 
course open to doubt. The following table gives an idea of the 
frequency of mitotic figures in some of the (*ommou tumours: — 

TAHhE OF MtTOTK’ TjVDICES OF SoMK COAIMONKK TCMOI KS. 


Sp(*cie8. 

'rumour. 

Lowest. 

Vf it otic Tnfit 

Highest. 

*x. 

Average^. 

Number 
of ('ases 
on which 
Average i 
Cai: 
culatcd. 

V'arious. 

Acanthoma. 

2 

13 

o 

30 

Canine. 

Basal cell epithelioma.... 

< 1 

4 

1 84 

6 

Bovine. 

Carcinoma hepafoccllulaic 

0 

2 

0 0 

5 

Ovine. 

('ai*ci nom a h epatoc’cl i uJa rc* 

— 

4 

2 6 

3 

Bovine. 

Adenoma hepatocellulaie. 


- 

0 

1 

Porcine. 

Bovine. 

Adenoma hepatocol 1 ulai e. 

C-arcinoma eliolangiocellu - 


4 

— 

— 

(’anine. 

lare. 

('arcinoma cholangioccllu- 

2 

3 

2 7 

3 

Various 

lare. 


* - 

1 4 3 

1 

(mammals). 

Various 

Fibroplastic sarcoma. 

<1 

4 

1 7-1 

13 

(mammals). 

Angiogonous endothelioma 

<\ 

3 

<1* 

— 

6 

Ruminants... 

Thymoma. 

0 

0 i- 

Bovine. 

Mesothelioma. 

2 

3 

2 0 

4 

Canine. 

Canine. 

('on tagious (venen*al) 

tumour. 

ContagioiTs buccal papil- 

3 

IT) 

fi (i 

11 


loma. 

— 

0 i 

— 

— 

Fowl. 

“ Mixed-celled *’ sarcoma. 

<1 

r» I 

1 6 1 

7 

Fowl. 

Embryonal nephroma.... 

<1 

'! 1 

1«2 4 

3 

Fowl. 

Ovarian carcinoma. 

<. 1 

2 1 

1 7 

3 


Notbs.—I n oases where an index of less than 1 (<1) is recorded, at least 2,(KK) cells were 
counted without observing a mitotic figure; the figure is thus actually below 0*5, 
and for purposes of averaging has been counted as nil. The average figure is thus 
an unknown fraction higher than the figure given, as denoted by the + sign. 

Where a count of nil (0) is recorded, mitoses wore not demonstrable after 
exhaustive searching. 

* Bee page 214. 
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Some feaiures of iiiteresi appearing from the foregoing table 
are;—The ahsolule (15) as well as the average ((>‘5) highest index 
was foimd in the (*ontagious venereal tumour of dogs. Second in 
both these respeids stand the a(‘aiithoinas (11 and 5 respectively). 
Basal-cell epithelioma (in man a slowly-growing tumour) may have 
an unexpectedly high count (e.g. 4, in one case). Invasive liver-cell 
tumours (carcinoma hepatocellulare) of oxen cannot be rigidly distin¬ 
guished from nou-invasive tumours (adenoma hepatocellulare) on the 
basis of the mitoti(* imlex: in the former the index may be 0 in some 
cases, although usually it is higher; in the only case we have of the 
latter an index of 0 was re<*()rde<l, while in the pig a count of 4 was 
obtained for a liver-cell adenoma, in the sheep, carcinoma hex)at()- 
cellulare had a higher index than in the ox and no case was encoun¬ 
tered in whi(*h mitoses w^ere absent. (.Uircinoma cholangiocellulare 
has a higher average index than car(*inoma hepatocellulare. (^)nsider- 
ing the average figures, one may be surprised that the highest indices 
do not reach such high figures as might be anticipated. 

Kmpcoykd. 

i have left a descriplion of the technitjue em])loyed until after 
the discussion of the niN ratio and of the mitotic index, for both 
these have to be mentioned again here. 

Fixation and Staining. 

Most specimens, as was inevitable, bad been fixed in formalin, 
and had to be mordanted in Zenker’s prior to the ap])li(‘a1ion ot 
fibiillar stains. This process proved very successful, although less 
clear and brilliant pictures are obtained than with initial bichromate 
fixation. But in the case of the majority of the later tumours which I 
examined, fixation in Ilelly’s fluid (Zenker’s I), neutralised formalde¬ 
hyde 1) was ensured by sending supplies (of the unmixed constituents) 
to those likely to encounter tumours. The fixation of thin jiieces 
(4-() hours) is left in the hands of the sender, who subsequently 
washes the materia] overnight under a running tap and forwards 
the specimens in (id per cent, alcohol, in which they may lie indefi¬ 
nitely without deterioration. Along with these Zenker-fornH)l(‘’) fixed 
fragments, senders of tumours were reciuested in the remainder 
of the tumour jireserved in 10 per cent, formalin. 

As a general routine both frozen and embedded sections of each 
tximour were used and in all imjiortant (*ases a number of pieces were 
selected from representative parts of the specimen. The stains 
employed were haemaluni'-eosin, vim (Jieson, and Siulan IT I in evei\v 
<*ase, while in nearly all cases Mallory’s triple stain was also employed 
for the study ot reticulum. In a great number of cases Mallory’s 
phosphotungsti(! acid haemotoxylin and May-(lninewald-(lieinsa 
staining w^ere used, for fibrils and for bacteria and haematological 
cytology respectively. In selected cases Bielchowsky impregnation 
was carried out. Peter’s and Heidenbain’s modifications of Mallory’s 
acid-fuchsin-aiialine-blue-orange-G method were tried but found for 
my purpose to give no advantage over the ordinary “ triple stain 

^") This is undoubtedly the best general fixative for histological investiga¬ 
tion of tumours of aniiimls, provided that formalin-fixed pieces for fut-stain- 
ing also submitted. 
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Where tumours were obtained fresh, air-dried, May-Grunewald- 
Giemsa stained smears were prepared if feasible. By this means not 
only was eytoloj^ical study of some of the tumours facilitated, but in 
some cases a rapid diagnosis could be based on such smears: I found 
that the following diagnoses cxmld be confirmed with reasonable or 
complete certainty from smears, especially if the surgeon had 
previously consulted the pathologist and had exhibited the case, so 
that one knew the various possibilities that were 1o be suspected : 
acanthoma, basal-cell epithelioma, endothelioma, fibroplastic sarcoma 
(distinction from equine “ sarcoid ’’ very difficult), endothelioma, 
contagious venereal lumour of dogs, lyinphocytoma(®) of fowls. 
Further, by such means actinomycotic and other granulomata can 
usually readily be eliminated. Where tumour diagnosis depends 
largely on topographical relationships of the tissues or on the demon¬ 
stration of intercellular matrices, obviously smear diagnosis must not 
be attemi)ted. I had only once the opportunity to attempt difignosis 
of a liver tumour (fresh material encountered at meat inspection) 
from a smear: in ibis (^ase the neoplastic c‘ells were easily I’ecognisable 
as of the liver cell type, and because they happened to show great 
anaplasia, a diagnosis of jnimary liver-cell carcinoma was made. 
Doubtless, however, in the case of the less anaplastic liver-cell 
tumours, where difficulty arises in the distinction of carcinoma from 
adenoma, smear diagnosis might be most unreliable. 

Atea.snremenf of the Nurleolar-vuclear ratio, 

A technique for this determination has-been published by 
Mact.^arty and Hammeder (19'‘14), depending on projecting by means 
of a camera hicida the images of the nuclei with their nucleoli and 
tracing the outlines with a planimeter. A similar method was tried, 
obtaining great enlargement w’ith a Zeiss projection microscope, and 
tracing the outlines on jjaper. Two methods of arriving at the 
relative areas of the nuclear ami nucleolar tracings were tried: the 
first l)y tra(*iiig on to finely-ruled graph-paper and counting the 
included squares; the second by measuring the circumferences of the 
tracings by means of a sensitive planimeter. A«*curate results are 
obtainable, but tlie method is l<»o laborious for the examination of 
many hundreds of specimens. The same applies to a method that 
was tried wherel)y the tracings were obtained on gra])h ])aper by 
means of an Abbe drawing ap])araius. It was felt that great accuracy 
was not a requisite, and the method by which most of the figures 
were obtained was by means of a “ dot-and-circle graticule ’’(^). This 
(ousists of a circle of glass, which like any ocular micrometer, is 
introduced into the eyepiece of the micjMiscope. On it are etched a 
graded series of circles of more or less standard size and a series of 
dots corresponding in size (Fig. 12). Calibration of the absolute areas 
with various lens systems is performed by means of measuring the 
diameters against the scale of a stage micrometer. The relative areas 

(") Recently the value of the smear method for rapid diagnosis of neuro- 
lymphomatosis gallinarum (in which the same cytological picture is seen as in 
lymphocytoma) has been pointed out by Downham and Crompton (1934). 

(^) I have to express my thanks to Dr. A. J. Orenstein, C.M.G., and to 
Mr. H. 8. Patterson, for drawing my attention to the existence of such’ 
graticules and for suggesting that I might find one of use. The graticule was 
supplied by Messrs. Rheinberg & Co., Ltd., London. 
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of the circles (and dots), reckoning the smallest as 1, is then deter 
mined. The scale of areas which is in use at this Jjaboratory is 
graded from 1 to 000. To determine the n:N ratio, the nucleus ami 
the nucleolus of a given cell are matched with the circles cr dots 
respectively (it being usually more convenient to match the nucleus 
with a circle and the darker staining, opaque nucleolus with a doi). 



Fm. 12.—Dot-and-drcle ocular miotometeruBv lur estimation of n: iJ ratios; the numbers 
indicate the areal relationshipe* 


The matching ihay be done by actual superimposition of the dot or 
circle on the object, but it is found that with very little practice one 
becomes just as accurate at matching when the object and the 
scale lie alongsi le or near each other. As has been said 
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the method as 1 have used it is rather rough, there being only 10 
standard areal sizes between 1 and 900 on the scale. If greater 
accuracy were desired, moj*e closely calibrated scales might doubtless 
be constru(*ted. A further objection is that not all nucleoli and 
nuclei are (urcular in section. However, fairly accurate matching 
of irregular shapes against the circles may be done by experience. 
In cases of gross irregularities and where it is desired to measure a 
particular nucleus aifetded b^^ such, one of the othei* methods men¬ 
tioned, or even direcd. measurements with an ocular micrometer may 
be resorted to. The niN ratio of Ma<*Carty and Hammeder is cal¬ 
culated for many cells and an average taken. This procedure is very 
laborious as a routine, and was only carried out in special cases. 
More usually a few cells considered average in res])pct of niN ratio 
were selected by visual insi)ection, and tlmir ratios measured. What 
interested me more w^as the determination of the maximal ratios 
encountered, for if, as MacCarty and Hammeder contend, one can 
speak of a “ malignant cell ” and such malignancy is indicated by 
an increase of ii.'lV ratio beyond certain limits, then siirely even a 
single enlarged ini(‘leolus encountered in a tumour denotes 
malignancy, inasmuch as a tumour which has even one “ malignant 
cell is malignant or destined to malignant growth. But it is of 
course, as is well known, not advisable to speak of a “ malignant 
cell in the morphological sense, there being no single constant 
morphologi(*al accompaniment of malignancy (see iWst, 1933). 
Nevertheless, it is true ihat in benign and non-iieoplastic cells the 
nucleoli usually remain within strict limits 6f size, and in most 
benign tuinouis not a single niN ratio can be found which falls 
definitely on the wrong side of the borderlinet**), if hyalinised 
nucleoli be disregarded. 


.\fito1ir Count ft. 

Tlie technique of mitotic counts has been described by Willis 
(1932) and is simple, although very laborious. In this work the 
labour of counting a thousand cells w^as usually shortened by calcula¬ 
ting the mean number of cells enclosed within a given field and then 
simjily noting the number of fiebls searched. Fuithor reduction of 
lalwnr may be achievtMl by introducing into the ocular a smaller 
square or (drcle ruled on a glass screen, estimating the average 
number of cells enclosed thereby, and then determining the propor¬ 
tion of the Avhole field which it encloses. In making mitotic counts, 
it will be found that great variation is obtained in different parts of 
the same tumour. Willis therefore made several counts in different 
parts. In the present work, this was not done, save in special (*.ases. 
It is felt that in practice, one w ishes to know “ the worst ” of any 
tumour, and what is of chief interest therefore is an indication of 
the grovvth-rate(®) in the most rapidly growing parts, not in parts 
which are necrobiotic, ill-nouriBhed, or what-not. As a general rule, 
therefore, the count was made in what, after a preliminary inspection, 

(*) As exceptions may he mentioned bovine neurofibroma, porcine; see 
hepato(!elhilar adenoma and some tumours diagnosed ns lymphangioma in this 
work. 

(®) However inaccurate this may he. iSee the remarks made previously. 
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was considered to be the most rapidly growing or flourishing part. 
Further, in most cases, only a thousand cells were counted and the 
number found in mitosis was given as the index. If mitoses were 
present, but not found in counting a thousand cells, the index was 
given as less than 1 (<1). If mitoses could not be found, the index 
was recorded as nil. In all cases, apart from the actual count, the 
tissues were wddely scrutinised to determine the presence or absence 
of mitoses and an index of nil w*a8 not recorded unless exhaustive 
search had failed to disclose a dividing cell. 
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Tumours of Epithelium. 


The Ptoldevi of (UaHsification, 

The cusioijiury alteiiipt to separate, as a group, tumours of epithe¬ 
lium at once meets with difliculties which do not always seem 
hilly to have been appreciated. In the first i)lace there is the almost 
insuperable drawback of the lack of any generally accepted and 
satisfactory definition of epithelium—satisfying, that is, to the 
oncologist as well as to the histologist and the embryologist. To the 
histologist epithelium “ (^oiisist of cells of various shapes whic h are 
usually connected with one another without an appreciable aniount of 
inleicellular suhstance ” and “ arranged in sheets or layers of 
different thicknesses which eithei cover an even surface, or are rolled 
into lubes, or invagiiiated into small sacs” (Maximow, ; or 

(it should be added) form ‘‘ solid cellular c'ords, more or levss regularly 
arranged,which have no relation to a tree sutface ’’ (Elwyn and 
Strong, 19d2). Such definitions might well be held to i?. dude under 
the t(*rm epithelium both the endothelial lining of the vascmlar 
system and the (mesothelial) lining of the coelom, as well as certain 
elements of the nervous system not usually recognised as epithelium; 
while the ))osition with regard to the thymic reticulum cells (see 
‘^fhymoma’^) and the elements of the adrenal medulla (see ‘‘ tumours 
of the adrenal ”) is made far from «dear. J^mbryological considera¬ 
tions give us but little assistan(*e, sin(*e not only is epithelium as 
defined above derived from any one of the three primary germ layers; 
but from ecdoderm and entoderm (as well as from mesoderm) arise 
cells which have exclusively or largely a supporting function 
(neuroglia c ells, thymic reticulum c‘ells) and which do not ])()ssess the 
cdiarac-teristic of being arranged in cdose c'ontiguity to one another. 
For suc'h reasons theue lias never iieen a satisfactory definition of 
carcinoma—a category which is vaguely conceived as comprising 
malignant tumours the “ type c*ell ” of which is epithelial. 
But it is not clear whether this ex|)ressic)n implies merely a 
morphological resemblance of the neoplastic c^ells to the epithelial 
prototype, or actually a derivation therefrom. These questions 
are indeed left unanswered, the classification of tumours and 
perhaps especially those of epithelium remains unsatisfactory and 
the scope of the terms undefinecl. The nomenclature has served well 
in the childhood of the science of oncology and although we have 
outgrown it we are left with nothing to put in its place. It is 
customary, however, to exclude from the tumours of epithelium those 
composed of the elements of the nervous system and of endothelium, 
while to-day most authorities are agreed that it is desirable to place 
uncler separate categories those arising from the thymic parenchyma 
and from the cells of the coelomic lining. There is also much to be 
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said for the practice of including as epithelial tumours some which, 
however lacking (as regards morphology and arrangement) their cells 
may be in similarity to epithelium, have been proved or are believed 
to have arisen from epithelial cells. This practice cannot, however, 
be carried to its logical conclusions which would mean that all 
tumours must be considered as of epithelial derivation, since at one 
stage ill embryonic development, as is w^ell hnowm, all the cells are 
arranged as epithelia, the modifications whereby arise the mesen¬ 
chymal derivatives and the nervous derivatives, etc. being secondary. 

Under this general category we have to consider tumours both 
of squamous and of other (e.g. glandular) epithelia. Here also no 
sharp division exists. It is customary to consider malignant tumours 
of the squamous type of epithelium (whether or not the latter under¬ 
goes differentiation) as a subgroup, epitheliomata, and under the 
same heading have often been placed' certain benign or not clearly 
malignant neoplasms which arise from the accessory epidermal 
structures (of ectodermal origin). Great confusion surrounds the 
proper placing in the classificatory scheme of certain tumours of 
ectodermal origin. These are: malignant tumours arising from 
accessory epidermal structures such as sweat glands and sebac'eoiis 
glands, which are usually simply termed carcinoma; further 
epithelial tumours of ^the breast should logically be considered as 
being among the epitheliomas, but this is not done(*). It is apparent 
that in the present state of confusion any grouping must be highly 
arbitrary; and it is not our task in ibis work to set up a new* 
classification, but merely to fit our own material into the sc^henie as 
intelligibly as possible. 

The epithelial tumours in the Ondersiepoort (*ullection fall under 
the following heads: corrm cutanevin^ epithelioma (in<;luding 
acanthoma, basal-cell epithelioma, and epitheliomas of the sebaceous 
gland type), adenoma, and carcinoma. There are further certain 
tumours with epithelial characteristics (possible neuroblastomas and 
epithelioinatoid melanomas) which are dis(*ussed in separate chajiters. 
From the scope of epithelioma are excluded tumours of the mammary 
parenchyma and from the scoi)e of (carcinoma tumours of mixed 
«;haracter of the mammary gland of the dog and of the kidney of fowls 
and mammals (embryonal nephroma). These will be discussed under 
the mixed tumours. Papillomata also are dealt with under the mixed 
tumours (iu Chapter X), for reasons which w’ill there appear. 

1. Cornu cutaneum. 

Examples of this neoplasm were found, only in ruminants. 
Among four bovine cases the skin of the dorsal region of the head 
(frontal or nasal regions) was thri(»e affected. One of these cases has 
been described by Brown (19;j5a). In the fourth case the skin of 
the tail w^as affected; the grow^th did not form a typical horn but a 
globular mass of keratin which may perhaps be rather of the nature 
of a hyperkeratosis. In the fifth case (Fig. 13) the external ear of a 
sheep (ovine 6142) was affected by a hortiy tumour of very regular 
form similar to that described by Beatti (1916). 

(^) It must be remembered that in the French pathology there is a tendency 
to call all carcinomas epitheliomas. This classification does not apply here. 
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Ainon^ these (aset. js not iriduded a specimen of a homy out¬ 
growth 111 the nasal legioii of a bovine (12902) which w’as developed 
in lesponse to those tramnatie and irritative influences to which 
cal\es are sometimes subjected by the natives of Uaiotseland and 
which have been descnbed by Purchase (19f‘i5) It is unceitain 
whethei this giowth (h^peikeiatosis*^), which has been illustiated b> 
Maitinagha (19iW), is to be ie«aided as neoplastic and equivalent 
to the spontaneous ” cutaneous hoins. 



Fig. 13. —Comu cntaneum of the external ear of a Kbeep (r)J42; nat. size.) 

2 . Epithelioma. 

(Tumours derived from squamous epithelium or its derivatives, 
excluding the mammary gland.) 

(a) Acanthoma. 

Malignant tumours characterised by prickle cells and often also 
by “ pearls or concentric keratinizations aie by far the most 
frequent malignant tumours of domestic mammals, the Onderstepoort 
collection containing 94 tumours of this type. Acanthomas are the 
most common tumours of oxen in this country ; in the Angora goat 
they are equally as frequent as melanotic epitheliomas; in equines 
they are exceeded in frequency only by “ sarcoids in the dog, 
only by the contagious venereal tumours; and in the sheep, only by 
(gland-cell) carcinomas. They are among the rarer neoplasms of the 
fowl and have not been encountered in the cat or in the pig. Their 
site of occurence varies greatly in the different species:—In Ixith 
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horses aud oxen they are most commonly found affecting the orbital 
region, and when the specimen is obtained at an early stage, an 
origin from the conjunctival epithelium can be determined. In the 
sheep they have been observed with equal frequency in the orbital 
region and on the “ scalp ’’ (fronto-parietal region). In the Angora 
goat, as has been shown by Thomas (1929), the site of predilection is 
the perineum. In the dog they are widely distributed, but are not 
seen in the orbital region or elsewhere on the skin of the head. In 
the fowl, the leg below the tarsus was most often affected. Other 
common sites for these tumours are the penis or prepuce of the horse 
and the dog, the rumen of the ox(^) and the buccal mucosa of the 
dog. An unrecorded location for this neoplasm in the sheep is the 
omasum (one case). This tumour (Pig. 14) was situated at the omaso- 
abomasal orifice and produced hepatic metastases (Fig. 16). 

Eegarding the acanthomas of the dog, the prepuce or abdominal 
skin was the site of predilection. Less otten the buccal mucosa (gums 
and hard palate respectively) was affected. 

The acanthomas of the fowd affected the skin of the leg (tarsal 
or metatarsal region) in tw’o cases and the neck in one case. 

It is interesting to note that roughly 97 per (»ent. of acanthomas 
in domestic animals in this country are of ectodermal origin (e.g. 
skin, conjunctiva, buccal mucosa) and approximately only 3 per <ent. 
of entodermal origin (fore-stomachs). Also that in spite of the 
frequency of the tumour in the goat, constituting 29 per cent, of all 
our cases, no entodermal acanthoma has been seen in this species. 

Considering all the species, 20 per cent, of acanthomas were 
situated in the orbital region (i.e. conjunctiva), 11 per cent, in the 
])enis or its sheath, and 23 per cent, in the perineal skin inclmling 
the lips of the vulva (all caprine cases except two). It is not 
desirable to give a total ngure for the occurrence of acanthoma of the 
fore-stomachs, since those organs are peculiar to ruminants. 
(Acanthoma of the oesophageal portion of the stomach of the horse, 
corresponding to the fore-stomachs of ruminants, is known but has 
not been seen in this country.) Only in dogs was the buccal mucosa 
affected and it may possibly be worth while to bear in mind the fact 
that only in this species do benign contagious neoplasms of the buc(^al 
mucosa occur. I do not, however, wish to read anything significant 
into this correlation. 

In the case of the epidermal acanthomas, metastasis is but seldom 
seen, except in the case of the Angora goat in wdiich it is a frequent 
occurrence. We have not encountered it in other species. In the ease 
of the entodermal tumours, on the contrary, metastasis was frequent, 
occurring in three out of six ruminal tumours of oxen and in one 
omasal tumour of the sheep. The ruminal tumours readily 
metastasize and also spread by direct continuity, the growths having 
a tendency to progress intraraurally from the mucosa to the serosa, 
whose lymphatics become permeated; thereafter there is a breaking 
through the serosa and the formation of continuity growths on the 
contiguous viscera. Metastasis w^as not seen in the horse, in the dog, 
or in the fowl. 

(s) It is interesting to note that acanthomas of the rumen, usually 
considered rather rare tumours and two cases of which have been reported in 
this country hy de Kock and Fourie (1928), are more than half as frequent as 
those or the orbital region in bovines. 
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¥iq 15.—Hepatic meta^^tase s of the* ovine omasal ac anthoina shown in fig 14 (13122 , 2/5 x ) 
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It has been onr experience, in routine pathological diagnosis, that 
acanthomaa are often not recognised with ceitainty by veterinary 
clinicians in this country. Clinically they are often ccnfused with 
superficial actinomycoinata, and at autopsy (meat inspection) with 
visceral actinomycosis. In routine diagnosis one soon becomes alive 
to the fact that many suspected epitheliomas prove to be actinoiny- 
comas and vice versa. The older veterinary liteiature, as is w^ell 
known, contains many reports of “ cancers^' of animals which were 
in reality actinomycosis, and actual endemics of cancer causing 
considerable alaim from the meat inspection and human public health 
point of view have received prominence in the past. In connection 
with the confusion clinically with actinomycosis it may possibly be 
of assistance to the clinician to point out (a) that the sites of election 
of actinomycosis and acanthoma are very different {vide supra) and 
(b) that it is often of considerable help to demonstrate “ pearls ” 
macroscopically: these bodies can often be recognised with the 
naked eye. They may, however, be confused with the “ granules 
of actinomycotic'pus; the pale yellow colour of the latter should be 
remembered as compared wdth the whiter colour of “ pearls 
Giemsa-stained smears will rapidly settle the difiGiculty in cases of 
doubt, not only on account of the demonstration of the organisms but 
also because neoplastic squamous elements are easily recognised in 
smear preparations. Finally, ulcerating growths in the orbital region 
of ruminants and equines, on the penis and sheath of equines and dogs 
(contagious venereal tumour!—actinomycosis being rare), in ihe 
perineal region or udder(*) of goats should give rise to a suspicion of 
acanthoma or of a neoplasm in preference to actinomycosis; wdiile 
in the case of grow^ths of often somewhat similar appearance in 
regions other than those election sites the suspicion of actinomycoma 
may well be strongly held, 

Histopathology .—The microscopic structure of typical acanthoma 
is well known and need only be briefly summarised here. These 
tumours consist of a connective-tissue stroma which is most variable 
in its degree of development, in some cases being so prominent as to 
produce a scirrhous type of growth. This stroma supports nests or 
strands of cells which in their morphology and arrangement have a 
resemblance to those of the different layers of squamous stratified 
epithelium; viz., adjoining the stromal septa is a single layer of 
vertically arranged cells of the basal type, further from the septa 
these undergo differentiation into fibrillated (spinous) elements 
corresponding to the elements of the stratum spinosum^ while still 
more “ centrally i.e^ at the parts most remote from the stroma, 
cornification occurs (stratuvh cortieum). The relative development of 
these different “ layers ’’ varies widely, so that in some tumours the 
basal elements may be very prominent, in others quite inconspicuous 
as compared with the prickle cells. Typical pearls (i.e. concentrically 
arranged homifying elements surrounding centrally placed and fully 
keratinized cells) pe not always developed and the keratinization may 
only overtake individual cells here and there. It must be noted that 
the terms ‘‘ basal cell and prickle cell are used in the com¬ 
monly accepted textbook sense. Actually the basal cells of the 

(*) Acanthoma of the mammary skin is often erroneously reported as 
’ mainniBry carcinoma ”, a procedure which is to be discouraged. 
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epidermis are also provided with prickles, i.e. cell-fibrils which con¬ 
tinue through the intercellular cement substance into the cytoplasm 
of adjoining cells, as may be seen in properly prepared and stained 
sections of the skin, a fact which has correctly been pointed out by 
Haythorn (1931). The distinction is therefore a somewhat inaccurate 
one. 


The mitotic index in the more rapidly growing tumours is high, 
as much as 13, i)robably indicating that acanthomas are among the 
most rapidly growing of all neoplasms. Nucleolar enlargement is a 
constant feature, n I N ratios of 1 I 4*5 being encountered on 
occasions. 

It is not intended to treat fully of the pathology of all the Ouder- 
step<»ort tumours in this text, the hi8to])aihology of “ cancroid ” 
in its typical forms being as well known to veterinary as to medical 
pathologists. 1 have selected, somewhat arbitrarily perhaps, a few 
cases for discussion and description here, because of their rarity or 
because of vspecial features of the pathology regarding which con¬ 
fusion is likely to exist. Actual difiiciilties in the recognition of 
acanthoma mirroscoj)ically seldom occur. 


Melanin-pig mentation of Avanthoma. 

Melanin pigmentation of the cells of acanthomas is rare. A 
pigmented acanthoma has been recorded by McFadyean (1890) in 
the horse. 1 find no mention of pigmented acanthoma in the human 
literature. Thomas, also, in his extensive expeitience of epithelioma 
of goats (among wdiich pigmented epitheliomata are frequent) saw 
no case in wdiich a tumour of the acanthomatous type bore pigment. 
We have encountered one case of pigmentation, an acanthoma of the 
conjunctiva of the lionse being concerned. The description of this 
case follows: — 

{Egnine, 15312.) 

The subject was a bay gelding, aged 5 years, from wdiich the 
specimen, consisting (d a finger-tip-sized tumour, attached to the 
edge of the mcmbrana nictitans, was vsent in. The neoplasm is of 
gland-like consistency, while in colour, and presents a lobulate<l 
ulcerating surface. Microscopically there is seen a very moderately 
developed connective-tissue stroma supjmrting and incompletely 
separating irregular lobules of neoplastic squamous epithelium. 
The stroma is in many places densely infiltrated by neutrophiles and 
erythrocytes. A pallisade arrangement of the neoplastic c*dls is often 
very striking, the. connective-tissue trabeculae, rich in blood-vessels, 
being bordered by a layer of vertically radiating cells similar to 
basal cells and which gradually differentiate into lighter staining 
areas of flattened and larger cells showing distinct prickles. The 
n : N ratio is often seen to be markedly increased, being often as 
much as 1 : 0. The parenchyma, as well as the stroma, especially 
in the pearls (which may be converted into purulent centres) shows a 
neutrophilic infiltration, and a rich flora of short bacilli having x 
coliform morphology is associated with this. Towards the surface of 
the tumour are seen many elongated or stellate melanophores, having 
long processes and heavily laden with melanin. Distinct although 
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less heavy melanin-pigmeiitatioii is seen in the cytoplasm of the more 
differentiated tumour cells. (Jontinuily of the neoplastic tissue was 
traced to a thickened area of the conjunctival mucosa showing down- 
growths of the basal layer into the submucous connective tissue 
(acanthosis). This part of the conjunctiva is itself fairly heavily 
laden with pigment. At other points the neoplastic cells abut on 
the epithelium of the mucosa, but here no true continuity is seen, 
there being no transitions between neoplastic and nou-neoplastic cells 
(in contrast to what occurs in the area of apparently true continuity, 
where tliere is a gradual fading of the hyperplastic into the cancerous 
epithelium). In addition is seen in the memhrana victii^ns a 
marked hyperplasia of the lymph-nodules of the mucosa, which are 
occupied almost entirely by the secondary nodules (germ centres; 
consisting of actively proliferating large lymphoid cells, the smaller 
lymphocytes being redu(*ed to a narrow peripheral rim; and the 
glandula superficialis palpebvae tertium (sometimes incorrectly 
referred to as the Harderian gland) is much enlarged, forming a mas'^ 
measuring ]*5x ‘5 cm., which on microscopic study shows an 
increase of the interlobular connective tissue and an alteration in the 
appearance of the alveoli on account of greater prominence of the 
cell-nuclei, which, although still peripheral in position (as in the 
normal alveolus) are not compressed against the basement membrane 
and aie spherical or oval in shape instead of crescentic. The ducts are 
prominently dilated. This glandular mass was actually mistaken in 
the routine macroscopic examination for a part (»f the tumour. (We 
have encountered other erases also of hypertrophic, palpebral gland 
being submitted as neoplastic.) In the substance of the glancl are 
accessory islands of the cartilage of the third eyelid, showing gradual 
transitions to the fibroblasts (chondrohlasts) of the surrounding c(>n- 
nective tissue and consisting of young cartilage cells with clear, 
undegenerated nuclei, and visible nucleoli. 

Remarks ,—The interesting features of this tumour are:—(a) 
That it was ablated at a suffi<‘ieiitly early stage to allow the actual 
histogenesis still to he studied: it arises apparently in an acanthotic, 
melanin-pigmented conjunctival miucosa. [This opinion of the histo¬ 
genesis is subject to the qualifying remarks we have made elsewhere 
in connection with what is to he regarded as constituting true con¬ 
tinuity as contrasted with apparent continuity (contiguity) and the 
deductions in respect of histogenesis that may legitimately be made 
therefrom.] (b) The whole (luestiou of the occurrence of melanin in 
both normal and neoplastic squamous epithelium is of groat import¬ 
ance in the noraendature of tumours. Spinous cells containing 
melanin are among the few nielauophorous elements whose nature and 
histogenesis can be beyond dispute and their occurrence teaches us 
that there is at least one exception to the theory, often proposed (and 
reflected in the oncological term melanoma ” and the histological 
term melanophore '’), that only a special kind of cell can contain 
melanin. No one would wish the tumour under discussion to he 
designated as other than acanthoma, merely because melanin is 
detectable in the admitted!;;^ epithelial and obviously spinous cells. 
It is this consideration which has guided us in the choice of the 
terminology to be followed in discussing the more frankly melano- 
phorous tumous(</.i;.). (c) The chronic inflammation of the nictitating 
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membrane associated with this tumour is interesting for the hyper¬ 
plastic processes affecting the lymphoid, the glandular, and the 
cartilaginous constituents of this structure, but it is not known exactly 
what respective importance should be assigned to collateral hypei- 
plasia ’’ under the direct influence of the neoplastic process and to 
chronic irritation arising on the basis of the infection of the tumour 
tissue. It is probable that both play a part in the aetiology of these 
non-neoplustic proliferative changes. 

Osteoclasia and Osteoplasia in Acanthoma, 

On account of their infiltrative powers, but probably still more 
because, being ulcerating and exposed tumours which are therefore 
prone to infection, acanthomas which develop on cutaneous or mucous 
surfaces in close proximity to bone are likely to have extremel 3 ^ 
destructive effects on the underlying osseous tissue. Such effects are 
not seldom to be seen in domesticated animals on account of the 
neglect wliich they may suffer when the subject of a tumour. As an 
example of the extensive skeletal lesions which may ensue the follow¬ 
ing may be described ; — 

(Octne, 11859.) 

From the autopsy’ report on a Merino ram, whose age was not 
stated, we learn that the right side of the face was affected by a large 
multilobular swelling, foul smelling and fairly* hard in consistence, 
involving also the right eye. On section there w-as seen a greyish 
wdiite cut surface wdtli fine horny granulation The orbit was 
partially filled with necrotic material and there w^as extensive necrosis 
extending into the ethmoturbinate bones. There was a softening 
and a bulging inwards of the ethmoid plate, but no direct affection 
of the brain. The maxilla is loose on the head 

The museum specimen consists of: — 

{a) The skin the right side of the face (see Fig. IG), bearing 
a hulk.v ulcerating tumour with necrotic surface, having as its centre 
the orliital region. The whole is of an irregularly oval outline, 
measuring 17 x 10 cm. It extends orally on to the maxillary region, 
veiitrall,y to the angle of the jaw\ It consists of aliout half-a-dozen 
large lobes, up to 5 cm. in diameter, which are usually also of an 
oval shape. 

(6) About half of the skull (right side) sawn in a sagittal plane 
(see Fig. 17). This show’^s a large defect, w^hose centre is the orbital 
region. The orbital rim is almost completely destroyed, only a small 
portion of the circumference immediately oral to the horn-core 
intact. The zygoma is also almost completel.v destroyed, only a 
portion of the zygomatic process of the temporal bone being inta(^+. 
The zygomatic process of the malar and almost all of the remainder 
of this bone, as well as the lacrymal, are destroyed. The nujixilin 
has lost its continuity with the bones in the orbital region, there 
being a large, irregularly circular defect in the medial wall of the 
orbit, which extends also downwards to (deave tlirough the pars 
perpendicular is of the palatine and forwards involving the maxilla 
and exposing the maxillary sinus by erosion of both its lateral aiul 
its medial walls. The root of the last cheek tooth is completely 
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Ro. 17.—Extensive destruction of the bones of the shnll by the aosnthoms shown in 

fig. 16 (118S9). 
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exposed. This bony defect measures aoout 6 cm. in diameter. Above, 
it exposes the frontal sinus and the supraorbital process has dis¬ 
appeared. The cranial cavity is exposed above and behind the orbit 
by an irregular defect some 3 cm. across. Only the meninges 
apparently intervened between the tumour and the brain, resisting 
(as is commonly the case with yielding membranes) the advancing 
tissue far better than did the rigid and non-yielding osseous 
structures. The coronoid process of the maxilla is also for the most 
part eroded and the oral border of the vertical part of Ihe mandibular 
ramus is rough and irregular. 

Microscopically, the tumour tissue consists of a well-developed 
connective-tissue stroma enclosing alveoli and elongated strands of 
atypical squamous epithelium, i.e. a single outer row of cells of the 
basal type surnninds more centrally placed cells of the prickle type 
in each strand. Centrally, well-developed, con(*entrically disposed 
keratin pearls are often present. J>arge necrotic areas occur. In 
the stroma, spicules of newly formed and spongy bone are prominent. 
In the parenchyma, nucdear irregularities are striking: hyper- 
chroniaiosis, increase of nucleolar size (n 1 N commonly 1 '. 9), 
irregularities of nmdear shape. (liaiit nuclei of the tumour cells may 
measure as niu(*h as 35/4 in diameter. Mitoses are frequent 
(index =^3). 


Jternatli\s ,— The interest of this case lies in the extensive destruc¬ 
tion of bone by an epithelioma which has become extensively infected 
and necu-otic. The well-kno\in resistance of the fibrous membranes 
as compared with bone to the inroads of the neoplastic process is 
here well illustrated by the intactuess of the meninges although the 
cranium is destroyed. Micioscopittally the tiimour is characterised 
by extreme anaplasia of the prickle cells. The osteoplasia in the 
stroma is to be regarded as secondary to the destruction of bone that 
is occuriiig and shoiild not lead to the diagnosis of a mixed tumour 
(e.g. osteo-acanthoma). 

Diagnosis, —Acanthoma. 

In connectioji with new formation of bone as a secondary process 
in epithelioma, a case in a dog may also be mentioned: — 

(CaninCf 15454.) 

This specimen (Fig. 18) is the jaw of an aged, dolicephalic dog 
whose incisor teeth are worn to the level of the gums. On the 
horizontal part of the right mandibular ramus is situated an 
irregularly oval enlargement, ()'5 x 4 5 x 4*5 cm., which is for the 
most part covered by mucosa, but along the lateral aspect of the 
molar teeth is a depressed ulcerating area leading to a cavity which 
involves the roots of the third and fourth cheek teeth. The swelling 
is most pronounced on the lateral aspect of the alveolar border and 
extends between and below the molars to the medial aspect of the 
gum. On the lateral aspect it extends to the level of the ventral 
border of the mylohyoid muscle, but does not to any extent involve 
the submaxillary space. The surface is somewhat bossellated, mostly 
covered by mucosa which here and there shows erosions and haemor¬ 
rhage. On cutting into the swelling, one encounters in most parts 
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firm white fibrous tissue with bony spicules. Further internally the 
knife is resisted by solid bony tissue. But around the margin of the 
depressed ulceration referred to there is a softer, darker tissue of 
reddish brown colour. 

Microscopically, one sees an outer zone of connective tissue, 
supporting strands of squamous epithelium showing intercellular 
bridges and various stages of keratinization affecting both individual 
cells and groups of cells in concentric an-angement. The surface 
epithelium is acanthotic and shows downgrowths of the rete pegs 
which may be traced into continuity with the more superficially-lying 
neoplastic epithelium in the submucous layer. In other ports there 
is no acanthosis and the mucosa may be thinned and atrophic as if’ 
from the pressure from within. Deep to this neoplastic epithelial 
layer is a rather loose and vascular connective-tissue stroma enclosing 
irregular centres of osseous tissue, • whose osteoblasts-are continuous 
with the surrounding fibroblasts and around which osteoclasts are 
also to be seen. In the neoplastic epithelium, which is in all stages 
of differentiation and in which the different cell-nests themselves show- 
varying degrees of differentiation (in some the majority of elements 
are prickle-cel k, in others most of the cells are in the “ basal ” stage 
and hornification is but little in evidence ”), mitoses are rare. 



♦ 

Fig. 18.—Acanthoma of the gum of a dog (15454). 


Remarks ,—A diagnosis of osteo-^canthoma was considered but 
discarded because the osseous tissue is to be regarded, not as neo¬ 
plastic, but as secondary, its production apparently being associated 
with the resorption of the normal bone. 

Diagnosis ,—Acanthoma causing osteoplasia of the gum. 

The importance of such cases from the diagnostic standpoint is 
that the new formation of bone, which in pathological as well as in 
physiological processes accompanies bone-destruction and which may 
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often be a very prominent feature in the bone-eroding acanthomas, 
may give rise to the erroneous diagnosis “ osteo-carcinoma This 
confusion is to be avoided because the osteojilasia is here merely a 
stromal reaction and of secondary nature, which is initiated (as was 
proved in the case of the sheep tumour, 11859, by a comparison of 
the earlier biopsy specimens with those taken at autopsy) only after 
the destruction of bone has commenced. These acanthomas 
showing osteoplasia are in no true sense of the term mixed tumours. 

An Excessively KeraUnised Variety of Accmthonui. 

A peculiar type of acanthoma has been noticed in ruminants 
(sheep) and fowds in South Africa. It is characterised by excessive 
keratinisation and it may be said to represent the ideal malignant 
counterpaii of the cornu cutaneuin. These tumours occur, to my 
knowledge, only on the skin of the fronto-parietal region of riinii- 
nanls and of the tarso-in a tarsus of birds, and are not encountered 
in man, nor in domestic carnivores or Equidae. The sites at which 
they occur are cliaracterised by being provided wdth (or being in the 
region of a transition to) an epidermis which has the normal poten¬ 
tiality of producing horns or scales, and one infers that this fact 
explains both their species distribution and their location in the 
body. These neoplasms, in addition to consisting of a typical 
(although perhaps markedly keratinised), deeply-invasive acan- 
thomatous tissue, form, superficially, large continuous masses of 
hoi 11 w’hich may completely cover tne underljdng and still actively 
proliferating cells. The following examples oocur in the (Inderste- 
poort collection:— ^\rv V 

i> 

Case 1 {Ovine, Ifi'lOO). 

This lias been described by Browui (19351)), w^ho undertook a 
study of a large tumour which developed at the base of the horn 
of a sheep and completely lifted the horn from its core, so that the 
horn ultimately cume to form an apical appendage to the tumour, 
the lattei being enveloped in a complete conical cap of vsofi horn, 
the product of the neoplasm itself (see Fig. 19). Brown contented 
himself with a (;areful morphological sttidy of this tumour, but had 
no o])portunity to correlate it with other cases as constituting a 
special variety of acianthonia, the reasons for the existence of which 
have now' become clear. 

Case 2 {Ovine, 6555). 

This case W’as somewhat similar in its pathological featuiCvS to 
the previous one. The specimen (Fig. 20) consists of the head of an 
adult Merino sheep which has a most grotesque appearance owing 
to the presence of a very large tumour situated on the dorsal aspect 
of the face and “ scalj) ”, and giving the appearance of a conical 
hat or helmet on the animal. It measures some 20 cm. in longest 
(antero-posterior) diameter at its base, 16 cm. in height (from base 
apex, externally), and 14 cm. in width (from side to side). It 
consists of an external cone of soft, lainellated horny tivssue w'hich, 
at the circumference of its base, heroines continuous with the 
surrounding skin and w^hich is on an average ca, 5 mm. in thickness, 
although here and there it reaches more than 1*5 cm. in thickness; 
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Pro. 19.—Excofwively keratiniaing acanthoma of the acalp of a sheep : displacement of the 
horn and invasion of the orbit; note the homy covering of the tumour. (163 K)).— 
Reproduced by permission of M. H. V. Brown, Esq. and through the courtesy of 
the Editor, Jh 8*A,V,M»A. 
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this hollow horny cone envelops an underlying, solid, conical mass 
of softer tissue which contains bony spicules. In places the two may 
be separated by considerable clefts containing structureless, necrotic 
material. The tumour stretches from (in front) a point 5 cms. aboral 
to the nostrils to the poll (behind). On each side it extends down¬ 
wards to the level of the eyes, invading the orbits and displacing the 
hvlbi octdorunu ventrally. On sagittal section it is seen to have com¬ 
pletely destroyed the frontal bone, obliterating the frontal sinus, 
jand the aboral portion of the nasal bone, through which it penetrates 
to occupy the aboral portion of the dorsal nasal meatus. 'Only the 
meninges intervene between the neoplastic tissue and the oral half 
of the cerebrum, but the dura mater as usual provides an effective 
limitation— (cf. the comments made earlier in this chapter in con¬ 
nection with the superior resistance to the inroads of tumours which 
the fibrous membranes possess as compared wdth bone)—and the brain 
is nowhere invaded. 

Microscopically, one sees that the inner, softer mass constituting 
the bulk of the tumour is composed of typical acanthomatous tissue 
with very well developed pearls. In sections cut from suitable parts 
it may further be determined that the superficial cap of horn is 
proliferated from a layer of basal epithelium which, by invading 
deeply, is also in continuity with the main underlying mass of acan¬ 
thomatous tissue. This feature is illustrated in Fig. 21, from a 
section of the tumour described by Brown. In other parts the two 
are separated by cavities containing necrotic keptin debris. The 
microscopic appearances are in all essentials identical wdth the horny 
neoplasms of the legs of fowls which are now" to be described. The 
mitotic index is G. 

Case 3 {Foud, ]f)23G). 

I'he subject, a hen of mixed breed, was two years of age and 
suffered from a grow"th on the leg which greatly impeded its gait 
and w'hicli was stated to have developed over a period of 9 months.(^) 
The speciineii (Fig. 22) c!onsists of the hock (intertarsal .loint) and 
pes of the left side. From the plantar aspect of the hock projects 
straiglit downwards a large horny growth, reaching to the ground. 
It is irregularly conical in shape, having a length of 7 cm. and 
tapering from a w"ide (5 cm.) circular base at the hock to a blunt 
and broken apex which is coated with dirt derived from the soil. 
Externally it is of a blackish-brown colour and the surface has a 
scaly appearance. It is much encrusted with a dark (haemorrhagic) 
exudate. It is dense and slightly elastic, having the appearance 
and consistency of horn. It gives off the characteristic odour of 
macerating and decomposing horn. At its base the horny tissue is 
continuous w"ith a large subcutaneous swelling w"hich encircles the 
fintertarsal) joint and which causes the diameter of the region to be 
increased to about 4 cm. This enlargement is due to the presence 
beneath the skin of a softer, white, infiltrating (neoplastic) tissue in 
which centres of opaque, yellowish w"hite homogenous material, 
1 to 3 mm. in diameter, can be seen. The covering epidermis show-s 
a distinct but irregular margin where the underlying neoplastic mass 


(*) The G.V.O., Aliwal North, who sent in this specimen, was kind enough 
to supply these particulars. 
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becomes continuous with the ulcerating horny growth. The meta-- 
tarsal skin, on its dorsal aspect, shows the hyperkeratotic changes 
commonly known as “ scaly leg ” and these scales, at the proximal 
extremity of the region, continue into a hyperkeratosis of the skin 
covering the dorsal aspect of the tumour. A distinct, elongated, 
dorso-ventrally directed, seini-cylindiical fossa runs the whole length 
of the dorsal as]>ect of the horny mass to accommodate the metatarsus 
during extension of the hock. On section, the interior of the 
horny mass is found to l>e softer, white, and friable. 



Fro. 22.—Excessively keratinising acanthoma of tiie inetatarHiis of a fowl; compare with 
the cases "in sheep. (16236; 1/2 X). 

Microscopically (1^'ig. 2*1), sections through the horny mass show 
this to be cojnposed of a conglonienilion of keratin pearls, covered 
superficially by a haemorrhagic exudate. It is avascular but shows 
many extensive haemorrhages in w^hich the remains of erythrocytes 
are still recognisable. (Uefts in the liorny tissue have a rich flora 
of cocci. The horn is in the form of y)arallel lamellae, usually 
arranged concentrically. Between these masses of horn runs a 
moderately conspicuous system of collagenous bundles which are 
quite acellular and avascular. Sections of the neoplastic mass en¬ 
circling the hock show that this lies beneath a thickened derma and 
is covered by an epidermis which is for the most part unchanged. 
In places it infiltrates the derma and approaches close to the epidermis 
from which, however, it is always separated by the superficial part 
of the (sclerosed) rittis vera. It consists of a cellular and vascular 
connective-tissue stroma supporting islands and anatomising strands 
and extensive sheets of neoplastic squamous epithelium with well- 
marked keratinising tendency. Peripherally, the cell-masses show 
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a layer of the less differentiated cells of basal character separating 
the prickle-cells from the stroma. Centrally there are pearls in 
various stages of formation. The larger cell masses are often ex¬ 
cavated by cavities containing necrotic debris; this caseous material 
is largely the remains of granulocytes, which at the periphery may 
still be intact. Larger cavities containing extensive, layered 
haemorrhages are lined hy non-neoplastic sq^uamous epithelium and 
are seen to be feather-follicles. In one section apparent continuity 
is seen between the epithelium of the wall of such a haemorrhagic 
follicle and the tuinour cells; at one point the follicular epithelium 
is acanthotic, showing a pronounced thickening, about six times its 
normal width, tvfaich is due to a hyperplasia of the stratum spinosum 
as well as to an increase of the basal-cell layer. These proliferating 
basal cells are in/direct continuity with the neoplastic cells at the 
edges of part of the circumference of the follicular wall which is 
completely replaced by tumour cells (see Fig. 24). A layer of 
necrotic tissue separates the living tumour tissue from the conical 
horny mass, being composed of the remains of leucocytes which form 
a “ reaction zone ” abutting on the surviving tumour tissue. 

Remarks .tumour is noteworthy for its size (reaching the 
ground) and for the extensive keratinisation which its parenchyma 
undergoes, especially superficially, so that a conical horny cap covers 
the underlying and actively proliferating neoplastic tissue. The 
superficial horn has become necrotic and is obviously in process of 
being cast off from the living tumour tissue. The tumour structure 
tempts one to speak of a malignant cormi cutaneum. I do not know 
whether all acanthomas of the legs of fowls show this born-like 
growth, but it may be stated that the only other growth in this 
region of a fowl which we have encountered shows similar features. 
Histologically although there is evidence which might be t«‘iken to 
support the contention that the tumour arises from the wall of an 
acanthotic feather-follicle, one must of course ‘remember that it is 
dangerous to dogmatise in the interpretation of the phenomenon of 
continuity of neoplastic cells with acanthotic and proliferating 
squamous epithelium: it is likely, in other words, that we are 
here dealing with nothing mure ^han a collateral hyperplasia of the 
follicular wall which proceeds its replacement by tumour tissue, the 
appearance of continuity and gradual transition from acanthotic to 
neoplastic cells being nothing more than a contiguity. It is not to 
he thought that the extensive formation of horn represents an attempt 
to form feather-shafts (cf, the thesis that all pearls in acanthomas 
represent attempts at hair formation—Boyce, 1892), because feathers, 
like hairs, are not the'product of the follicular * wall; but at the 
same time the marked powers of follicular epithelium to produce 
horn (see Fig. 32) is well known (see Boyce) uqder various condi¬ 
tions, and a follicular derivation in this,case might be thought to 
be supported to some extent by the excessive keratinisation which 
occurred. Further the location is possibly significant, the tuinour 
arising at a point at which the feathers cease and at which anomalous 
development of the follicles might conceivably be expected to be 
more likely (cf. cancers occurring at places where one type of epithe¬ 
lium succeeds another, e.g. the natural orifices). This interpretation, 
of course, is purely speculative, and in my opinion is not the correct 
one. The site of occurrence may more plausibly be associated with 
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K]g . 23.“-Mark(^l kcratiniHation in the acanthoma of the fowl sliown in fig. 22. (16236 ; 30 X.) 



Fia. 24.—Invauive portion of the acanthoma of the fowl shown in fig. 22 ; Note (lontre) 
acanthosis of the wall of the feather-foUicle and (below and to left of centre) 
apparent (false) continuity of the folticular epithelium with the neoplastic tissue. 
(16236 ; 30 X.) 
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the ooiistant slight traumata to which the plantar region of the hock 
is exposed especially at an early age before the habit of roosting is 
developed. A not dissimilar tumour to this was briefly described by 
Schlegel (1916) in a fowl. He termed the lesion ‘‘ 'papilloma car- 
cinomatosum It was situated also at the plantar aspect of the 
hock, but somewhat more proximally and the horn-production did 
not reach the dimensions or assume such a typical conical shape as 
has been described here. 

Diagmus .—Acanthoma with excessive keratinisation. 



Fio. 25^—Another example of an excessively koratinising acanthoma of the metatarsus of 
the fowl. (lOafl; natural size.) 

Ca»e 4 (Fowl, 10971). 

This specimen (Fig. 2l5), the pet of a hen, presents a lesion 
n-hich in all essential ra^ects is identical with the preceding one: 
a lal'ge conical growth projects backwards horizontally from the 
plantar aspect of the metatarsus. It measures ca. 7 cm. from base 
to apex;.and its base, baying a diameter of 5 cm., extends alnio.st 
the whole length of the metaiaraus and also passes on to the dorsal 
aspect of this region. As in the previous cases, it consists of an 
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external, continuous, conical cap of horn which envelops a central, 
solid, conical core of softer, whitish tissue, and in places large tlefts 
occur between the two. 

Microscopically, it is again seen that from a layer of basal cells 
is proliferated, superficially, a mass of horn which is largely necrotic, 
while deeply the same layer can be traced into continuity with 
typical acanthomatous tissue in which pearl formation is very 
pronounced. 

Snmmarij ,—A variety of epithelioma has been studied which is 
highly characteristic both as regards its gross and microscopic patho¬ 
logy and which can best be described as combining the features ot 
acanthoma and cortiu cutaiieum. It occurs in sheep and in fowls, m 
both of w'hi(di its location appeals to be very specific, viz. the fronto¬ 
parietal legion ill the former and the plantar metatarsal region in 
the latter. These sites of occurrence are to be explained by the fact 
that this variety of neoplasm can apparently arise only from such 
ectodermal epithelium as normally has the propensity of undergoing 
that type of keratinisatioii which results (in ruminants) in the forma¬ 
tion of the horns or (in birds) in the formation of scales. 


KemarlxS on the Histogenesis of Acanthoma, 

Regarding the histogenesis of acanthoma, in many cases in the 
Onderstepoort collection continuity may be trpeed (as is common) 
with Hcaiithotic jfortions of the squamou?. epithelium in young 
lumours. In older tumours, the overlying tissues having been 
destroyed, direct evidence of histogenesis is no longer available. The 
phenomenon known as collateral hyperplasia (and which may he 
defined as hyj)erplahtic clianges affecting 1 issues in the close neigh¬ 
bourhood of neoplastic cells) may easily he, mistakenly, f‘.onsidered 
as evidence of the histogenesis of a tumour. An example has already 
been given in the discussion of the excessively keratinivsed epitheliomas 
of the fowl. In the tumours studied these hyperplastic changes were 
at times so vigorous as indeed to lead one into considerable sympathy 
with those who would interpret these pictures as evidence of the 
spread of lumours by a conversion ” of neighbouring tissue cells. 
This controveisial question will be discussed later. What is here 
desirable to mention is the light which the study of collateral hyper¬ 
plastic processes is able to throw on the subject of the potentialities 
of cells for dift'ereutiation and de-differentiation Material suit¬ 
able for the study of hyperplasia collateral to acanthoma w^as found 
especially among the tumours of the Angora goats. The phenomenon 
has been briefly mentioned by Thomas in his work on the skin 
tumours of this species, but will bear a closer description: — 

[fOaprine,, 15099.) 

This Angora goat bore a raised, irregularly oval ulcer of the 
perineum dorsal to the anus and slightly to the right of the median 
plane. It measures 2x 1*5 cm. and protrudes 2 to 3 mm. above the 
surrounding skin. It is pink in colour with red (haemorrhagic) 
spots and shows pin-point sized white foci (pearls). It is freely 
moveable over the underlying tissues. The surrounding skin bears 
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Fio. 26.—Collateral hyperplasia of a sebaceoi s inland at the edge of a cutaneous acanthoma 
of the Angora goat: Note proliferation of the basal oells and the formation of 
a **parakeratin pearl** similar to those that may be oacounterei in basal-celJ 
epithelioma. (15099 ; 540 X). 



Fia. 27.-Basal-cell epithelioma of the cat: melanm pigmentation and: many **’parakeratin 
pearls ** similar to those arisiag from proliferating sebaceous epithelinm as shoMm 
m fig. 26. (14021; 120, X.) 
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many plji^meiited spots. Microscopioally^ the tumour is seen to ex¬ 
tend to the depth of the subcutis, but there is not as yet infiltration 
of the underlying musculature although no encapsulation is present. 
It consists of a sparse, well-vascularised stroma (infiltrated with 
lymphocytes, plasma cells, and neutrophiles) supporting large 
islands and strands of anaplastic squamous epithelial cells which 
show intercellular bridges and pearl formation. Towards the edge 
of the tumour the neoplastic epithelium becomes continuous with 
equally anaplastic cells (cancerous) which are still recognised as 
being arranged in “ rete pegs invading the derma. This zone 
of proliferating neoplastic rete pegs is, in the section, sharply limited 
peripherally from the non-cancerous epidermis by the mouth of a 
hair-follicle into the cells of wdiich the cancer cells appear gradually 
to fade. The sebaceous gland alveoli attached to this follicle and 
bounding the deeper part of the tumour tissue are greatly altered. 
Differentiation into adult ’’ sebaceous cells is extremely limited 
and instead there is a proliferation of the basal cells of the alveoli, 
which are arranged in a layer several cells in depth and which, more 
centrally, differentiate into atypical spinous elements. Small 
“ pearls ” are also formed in these sebaceous lobules (see Fig. 26). 
Their significance is discussed further in connection with the basal- 
cell epitheliomas, in which similar parakeratin pearls may be formed 
(see Fig. 27). There is a marked increase of the surrounding 
connective tissue, and some of the sebaceous lobules appear as isolated 
epithelial islands surrounded by a thick capsule. Mitoses are about 
four to five times as frequent in the zone of ^proliferating rote 
pegs ’’ as in the central part of the tumour. The superficial cells 
form a partially keratiiiised layer showing much desquamation and 
lich vascularisation. The skin immediately surrounding the tumour 
is non-pigmented. 

Diafjn os is . —A cant hoiriu. 

The interest in this case lies in the peculiar changes in the 
sebaceous glands contiguous to the tumour tissue. The phenomena 
seen show clearly that ectodermal derivatives such as the sebaceous 
glands can, on stimulation, revert to the less specialised form of 
ectodermal proliferation, i.e, can form squamous stratified epitheliuni 
instead of sebaceous cells. Theoretically, at least, it is therefore not 
necessary to limit the derivation of acanthomas to the cells of the 
squamous epithelial surface itself: so far as the potentiality of the 
cells is concerned, some acanthomas might equally well arise from 
the elements forming sebaceous glands and hair-follicles. It is 
interesting to re<iull here a fact which will be mentioned in dealing 
with mammary cancers—that even the epithelium of the breast 
appears to have the power of de-differentiating ” into squamous 
cells, thereby, like the sebaceous epithelium, recalling its e(jtodermal 
derivation. We have found, however, no direct and certain evidence 
that the glandular derivatives of the ectoderm can give rise to typical 
acanthomas: the malignant tumours arising from sebaceous glands, 
while sometimes forming prickle-cells in abundance, also usually show 
considerable and easily recognisable differentiation into sebaceous 
cells. The sebaceous epithelioma and the acanthoma are to be re¬ 
garded as closely allied, but the former tumours should be separated 
so long as they show a clear distinction of histological characters, 
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This question is dealt with in greater detail in the discussion of the 
neoplasms of sebaceous type. Whether the sebaceous gland changes 
described above are to be regarded as a pure (collateral) hyperplasia 
or whether^ as would appear reasonable to those who urge a spread 
of cancer by “ conversion the proliferating cells are rather to be 
considered as precancerous elements whose fate is to identify them¬ 
selves with the other neoplastic cells at a later stage is a question 
which, in the present state of our knowledge, is impossible to answer 
categorically. 

This discussion of the possibility that acanthomas may originate 
from the elements of the accessory epidermal structures leads one to 
recall the avian case (16236) of acanthoma already described in which 
there was continuity of the neoplastic cells with the cells of a feather- 
follicle. In that case it was conclued that the continuity was a false 
one so far as its implications of histogenesis are concerned. 

Further support for the possibility of the origin of acanthoma 
from accessory epidermal structures is obtained from two other cases. 
The first concerns an udder-skin epithelioma of the ^oat which con¬ 
sists of a mixture of sebaceous epithelioma with typical acanthoma- 
tous parts, showing apparently that transitional forms between 
acanthoma and sebaceous carcinoma occair. [This tumour is of 
recent acquisition and will not be fully discussed in the present work 
(caprine, 16239)]. The histological evidence may, however, be better 
interpreted in the sense that tumour cells derived from the epidermis 
itself may reflect the pristine potentialities of that tissue by being 
able themselves to undergo differentiation into sebaceoiis cells, a 
view which is further supported by the apparent derivation of 
sebaceous epithelioma itself from the surface epithelium, as will be 
described under the sebaceous epitheliomas. The second concerns a 
dog (canine, 15049) in which an acanthoma was present along witli 
multiple hyperplasias of the hair-follicle-sebaceous-gland complexes 
which were considered to be of pjecancerous nature. It was thought 
likely that the neoplasm had arisen in a similar manner, but the 
idea is not capable of proof from the material in question. This 
case also is discussed along with the sebaceous tumours. 

It is not intended to discuss the acanthomas further. Our 
material has been valuable in giving some idea of the species and 
organ incidence of these tumours and at the mmet time has led us 
to consider some possibilities in connection with their histogenesis 
that we are not as yet able to prove or disprove but which we feel 
should be borne in mind in the examination of the further specimens 
that are added to the collection. I have avoided attempting a histo¬ 
logical grading of acanthoma, because for most of our cases no 
treatment was instituted and consequently the accuracy of predictions 
based on morphological study cannot usually be confirmed. It is, 
however, customary in routine examination to indicate the fact that 
a particular tumour has impressed the pathologist as being of a 
high or a low grade of malignancy. The criteria to be used in the 
estimation of such degrees of maiignanoy have been elaborated by 
Broders (1926) in the sphere of human pathology and doubtless 
they apply also in principle t© the epitheliomas of .domesticated 
animals. 


60 



BilSAL-C£LL EPITHELIOMA. 


(h) Basal-cell Epithelioma {Carcinoma hasocellulare). 

Definition ,—The general (conception of the basal-cell epithelioma 
is somewhat vague. Under this term Ewing (1928) treats of “ reticu¬ 
lated epithelioma as well as adenoid epitheliomas, including 
tumours believed to be derived from the sweat glands. More com¬ 
monly the term is restricted to those tumours which that author 
desc^ribes under the former heading. They are characterized b> 
limited malignancy, being locally invasive but probably never meta¬ 
static: over this question a (lonsiderable controversy occurs in the 
human literature, some contending that the fact of metastasis itself 
is sufficient to disprove a diagnosis of basal-cell epithelioma; and 
impressive evidence has been brought to show that when a ‘‘ basal- 
cell epithelioma ” does undergo metastasis it is already changed iu 
type and that prickle-cells, if not demonstrable in the primary, at 
least c.haracterize the secondary lesion. Some have also tried to 
avoid the difficulty by setting up a group of tumours (“ basal 
squamous cell epitheliomas ”) transitional between basal-cell epithe¬ 
liomas and acanthomas (Montgomery, 1918). For the purposes of 
(‘lassification of tumours of domestic animals, however, one may 
say that the basal-cell epithelioma is a locally malignant but non- 
metastasizing tumour of the skin which is composed of cells 
resembling the basal-cells of squamous epithelium (or its derivatives) 
which have a tendency to arrange themselves vertically to the septa 
of the stroma and especially in elongated and often (iurved rows 
whose elements are arranged \vith their long axes vertical to the 
length of the strand of cells. Their histogenesis is a matter of 
controveisy. 


Occurrence, —Feldman (1932) mentions that his collection con¬ 
tains 3 cases of basal-cell tumours, two from the dog and one from 
the horse. In view of the fact that in one of the cases (it is not 
stated which) i)rickle-c.ell8 were seen, the number of genuine basal-cell 
tumours must be reduced to two, since prickle-cells are, acc,ording 
to modern authorities on the subject, incompatible with the diagnosis 
of basal-cell epithelioma. Yet, as has been pointed out previously, 
the normal basal cell shows intercellular bridges, so that the subject 
becomes very confusing. It is not possible, all the same, to demon¬ 
strate intercellular bridges in typical basal-cell tumours and when 
they do appear it would seem dangerous to class the growth as of 
basal-cell type merely because of a failure to find epithelial pc^arls. 


Hieronymi (1924) describes a single case in a dog and cdisiders 
that the tumour is very rare in animals. This authority believes in 
the histogenesis of these tumours from the accessory epidermal 
structures, yet he discusses them separately from the tumours of 
skin glands, and fails to indicate the relationship of the basal-cell 
tumour to tumours (which he describes) of sebaceous glands and 
especially of sweat glands. His figures 263 and 264 and 265 (Joest, 
Bd, III pp. 647-8) apparently represent basal-cell carcinoma; and 
although he diagnoses these as sichere Schweissdrusengeschwiil 
ste it is not at all clear on what evidence he arrives at this cer¬ 
tainty. His sweat gland tumours both occurred in the dog, which 
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is the only domesticated speciep, so far as I can find, in which un* 
objectionable cases of basoeellular carcinoma have been described(*). 

In South Africa these tumours were encountered in the dog, 
the horse, and the cat; and the collection contains as many as 10 
examples, 8 of which occupd in dogs. In view of this, Hieroiiymi’s 
view regarding their rarity is in need of modification. Thomas 
(1929) has described us busal^cell carcinomas ceilain melanin-pig¬ 
mented tumours of ^oats. These neoplasms and the objections to 
identifying them with the basal-cell tumours are dealt with in 
Chapter IX. 

Pathology .—As is the case in man, these neoplasms of the dog 
show a marked predilection for the head region, two of our cases 
occurring in the submaxillary space, one in the parotid region, and 
one on the cheek, while in the remaining two cases the site was not 
stated. (Feldman’s cases occurred on the face and on the shoulder 
respectively; and both the tumours of Hieronymi mentioned above 
were situated on the head, thus further supporting my suspicion that 
they are no different from basal-cell tumours and should be classed 
as such.) 

In view of the confusion which surrounds the identification of 
these tumours, it may be useful to give a general summary of the 
histopathology as based on the study of these cases:—The tumours, 
as has been said, are found on the head, and, although often almost 
completely covered by the epidermis, they have a tendency to 
ulcerate. They occupy primarly the cutis rcm but extend into the 
subcutis, in which stratum—in some cases—their greater bulk may 
be contained (see Fig. 28). Macroscopically they often appear fairly 
well circumscribed and encapsulated, i.e. they are more or less dis¬ 
crete and rounded masses. Their substance is of a whitish colour, 
the consistence firm, but they are easily cut. 

Microscopically they are characterised by a connective-tissue 
stroma which is usually a rich one, but which varies considerably, 
even in one and the same tumour, in its amount and also in degree 
of cellularity. There is a tendency for the collagen-bundles to be 
thick, acellular, and almost hyaline in the immediate vicinity of the 
groups of parenchymal cells. Often the latter may be somewhat 
shrunken away from the stroma, leaving a considerable space. The 
parenchyma consists M cells the majority of w^hich have an unmis¬ 
takable similarity to the basal cells of squamous stratified epithelium. 
It would give a wrong impression to say that the cells are uniform, 
close study showing that there are minor variations in size and shape 
which are associated with a tendency of these cells to undergo a 
certain amount of differentiation; but the term uniformity’’ is 
useful in indicating the prime characteristic of the histolon-ical 
picture, which is the absolute lack of anaplastic changes. This we 
consider to be the leading feature of these tumours and one that 
cannot be too much stressed as a criterion of diagnosis. 

(’’*) Wortberg (1926) describes as basaWell carcinoma a larfi;e growth in the 
shoulder region of a sheep. No photomicrigraphs are given, but from tbe 
histoloerieal description^ (especiaflv tbe presence^ of franklv keratinized pearte) 
it would appear tliat his interpretation would be difBcult to defend. 
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The microscopic picture is one of two chief patterns of cell 
arrangement:—Firstly ^anrl this one regards as perhaps the most 
typical), there are elongated strands of columnar elements which 
stand with their long axes vertical to the length of the strand. 
These strands are typically one cell-layer in thickness, but often 
also more. They have a considerable tendency to be curved or to lie 
in festoon arrangement. This curving when it reaches its fullest 
degree is responsible for a pseudo-acinous arrangement, which often 
results in the tumour being mistaken for a glandular neoplasm^ espe¬ 
cially when examined under low magnification: what actually 
happens is that the curving of the strands becomes so marked that 
their ends may almost or actually meet to form loops or rings. 
There is, however, no true lumen, the enclosed tissue being actually 
the stroma, which often however is so rarified and delicate in this 
situation that it is scarcely stained and on casual examination may 
appear as an open space. The ai)plication of connective-tissue stains 
and close examination under high magnification always shows, how¬ 
ever, that “ imprisoned ” stroma, and not a vacant space, is present 
within these loops, and when the ends of the loops are not fused 
it is further seen that this “ internal ” stroma is continuous with 
that which suppoi'ts the greater (uirvature of the strands. 

8e(iondly, there are more massive groups or rounded alveoli of 
cells, of whi<‘h the peripheral ones are in all resi)ects similar to those 
of the strands, again standing vertically with respect to the enclosing 
stroma; and since the latter encircles the cell majas these peripheral 
cells must of necessity be placed with their long axes radiating 
towards the centre of the alveolus. When the alveoli are small, 
they may be completely or almost completely formed by such a 
radiating aggregation of the basal (tells, there being here again no 
lumen (entrallj-. These small alveoli, therefore, may be described 
as rosettes of cells (arranged like the ray-flowers of the inflorescence 
of a member of the Compositae). In the larger alveoli, the 

peripheral (tells, still only one layer in depth, leave a 
large central area to be filled an(l this area is occupied 

by cells wdiich tend to be somew^hat more differentiated. 
These jnore differentiated elements are often distinctly spindle- 

shaped and tend to he arranged in strands or tracts with 

their long axes parallel to each other but at right angles to those of 
the peripheral cells. Further, these spindle-shaped cells have a 
more eosinophilic cytoplasm in which faint fibrillation can be 
detected on very close study. This fibrillation never results in the 
production of clear intercellular bridges and the cells are emphati- 
callv not prickle-cells: their nu(dei are still id(mtical in patlern and 
appearance with, although perhaps somewhat more elongated than 
those of the peripheral cells. A further form of differentiation (Y) 
often seen in the centre of an alveolus is a ccmcentric arrangement 
of the cells surrounding usually a vsingle central degenerate cell 
showing karyorrhexis and marked hyalinisation of its cytoplasm 
(see Fig. 27). These structures have been referred to as nnraker- 
atin pearls, to distinguish them from the fullv keratinise*^ pearls 
of acanthoma, from which they are very different. Th^re is 
usuallv h\it a single laver of ctirved cells having sickle- or 
boomerang-shaped nuclei enclosing the central elements which are 
undergoing keratinisation. These whorls of cells are small, only 
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some 15 to. 20/i in cjiameter and lire uuassociated with the differen¬ 
tiation pf,prickle-cells into the large flattened elements with disturbed, 
nuclei seen in acanthomatous pearls. It is quite possible that they 
arise as much from a mere degenerative change overtaking cells 
which have no room for growth and which are situated in the centre of 
the cell mass remote from the blood supply as from any innate ten¬ 
dency on the part of the cells to keratinisation. These srnall con¬ 
centric keratinisations are identical w^ith those referred to as accom¬ 
panying the collateral hyperplastic changes in sebaceous glands 
(p. 59)—see Fig. 26. 

Coming to the detailed morphology of the cells themselves, it 
may be saicl that the vertically arranged cells of the basal type 
are quite characteristic. Further details regarding them are that 
their nuclei aie typically elongate-oval^ even cigar- or sausage¬ 
shaped, their length being often four times their breadth (e.g., 
l2/Ax3/ic). Plumper nuclei also occur (e.g. 6x5/x). The nuclear 
membrane is fine and delicate, and in respect of this as well as of 
the palely stained and finely divided chromatin, the nucleus may 
not inaptly be compared with that of a fibroblast. One or two 
nucleoli are visible, being comparatively very uniform in size and 
varying, in areal ratio to the nucleus, from 1 t 25 to ca. 1 ; 50. 
Larger nucleoli are not seen. Still more elongated nuclei (e.g. 
15/4 X 2/x) are to be found in the more spindle-shaped cells in the 
centre of the cell masses. The mitotic index varies from less than 
1 up to 4: in the dog these tumours therefore may apparently be 
quite rapidly growing ones. 

From the foregoing description it will be seen that w^e considei* 
the basal-cell tumours of the dog to have a highly charac*teristic and 
specific histology which should preclude their confusion with other 
tumours. Yet there have occurred not a few instances in which at 
this Institute the contagious venereal tumours of dogs were mistakenly 
diagnosed as basal-cell tumours. A further confusion which we must 
here discuss has resulted from Ihe application by Thomas (1929) of 
the term bAsal-cell carcinoma to the pigmented skin-tumours of the 
goat. I doubt whether this practice is desirable in the present state 
of our knowledge. Ignorant as we may be of the histogenesis of both 
these kinds of tumours, it appears to me essential clearly to separate 
the basal-cell tumours, which do not metastasize and which have a 
uniform and monotonous histological picture, from the metasta¬ 
sizing, melanin-contaiwing epltfaeliomata tvhich,.however much tliey 
may deviate in their Oytomgy from acanthomas, are yet not composed 
of basal cells. There is scarcely a feature in the foregoing cytological 
description of bai^l-eeU carcinoma which woUld apply to the far 
more anaplastic pigmented tumours of tho goat. We do not wish to 
see the term ‘‘ basal-cell epithelioma ’’ becoming a repository for all 
kinds of tumours of whose real nature and histogenesis we are still 
uncertain. Finally, the confusion with glandular tumours has 
already been stressed in our descriptions and is readily understandable 
from a consideration of tbe false glandular appeatance assumed by 
the basal-cell tumours on account of the loop-like arrangement of 
the cell strands and the rosette-like structure of the-cell aveoH. We 
^ould unhesitatingly identify with basaLoell tumours those of 
STieronniyi’s sweat gland tumours which he consider as arising fmin 
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the alveoli (in contradiction to the ducts) of sweat ^^lands. Whether 
all basal-cell tumours should be considered as of skiii-j?land 
is another matter and we do not claim to be in a position to decide 
that difficult i)roblem. 

Thv Hisfogcnefic /^roblem ,—Few iiiinours have given rise to 
such difficulties in reg'urd to the determination of their origin as have 
the basal-cell epitheliomas, and the problem was made none the 
easier by Krompecher’s com'epiion of a derivation from tlie basal cells 
of the e])idermis as contrasied with an origin of acanthomas from 
the cells of the stratvm spinosinn. This original conception has been 
much criticised on the groumls that (a) normally the basal cells of 
the epidermis differentiate into prickle cells (and finally into cells 
of the shalvni conunun) so that there is nothing in the structure of 
acanthoma to gainsay the assumption that that tumour itself is 
derived from the hasul elements. This argument appears to point 
very justly to a considerable objection to the theory of duality of 
carcinomatous tumours arising fimn the epidermis; and (h) that 
only basal cells are capable of further multiplication and Ibat, there¬ 
fore, any tumour arising in the epidermis must have this origin. 
This second objectioji is Avithout foundation. It is true that normal 
replaccMuenl of the physiologic'al (through desquamation, etc.) wear 
and teaj’ of the ejnderinis is accomidished by division of basal (not 
])rickle) ctdls, liiii no one who has studied the acanihoti(‘. epidermis 
or the acanthomas can fail U\ have observed that pric kle-cells them¬ 
selves arc ca])ahle of active and rapid j)roHferat^)H. Nevertheless, 
the difficult\ remains that basal cells might well he ex])ected, Avhen 
tliey i)roliferate iieoplasticully, to undergo the usual dift'ereutiation 
into prickle- and keratinised cells, es])e(‘ially sinc^e the hasal-cell 
tumours are considered to grow more slovvly(“) and, in terms of an 
accepted generalisation in oncology, should therefore have more 
tendency (and time) to undergo differentiation than have the cells of 
acantliomas. If, in other words, we are to regard hasal-cell epithe¬ 
lioma as a tumour of the same derivation as acanthoma, we would he 
setting U]) a surprising exception to tlie universal rule that the least 
malignant tumouis are the most differtmtiated. 

It is considerations such as these, as well as the rarity of being 
able to demonstrate continiiitv of neoplastic basal cells with the 
epidermal basal cells and the susjiicion that even when such con¬ 
tinuity is seen it is a false continuity lesulting from nothing more 
than the establishment of (‘ontact between neoplastic ajid iiormal cells 
in fhe ordinary ])rogiess of invasion of the laller by the former, 
tliat haA'e i>rompted many authors fo look fo accessory epidermal 
structures as iJie origin of the tumours in question. Mallorv^s (1910) 
theory of origin from hair-follicles, based on a similarity of the cells 
and the supposed formation of liaii-shafts in the tumour tissue, has 
not yet found general acceptance, although recently Ilaythorn (1!131) 
has made a powerful plea tor the recognition of the basal-cell tumours 
as derivatives of the hair-follicles or of the necks of the sebaceous- 
glands, his conclusions depending largely on a more direct histo- 
genetic study. 

(®) It seems doiibtfal, in view of the (unexpectedly) high mitotic counts 
obtained for these tumours, whether this is true for dogs; see however the 
discussion on the danger of identifying the mitotic index with the growth-rate. 
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At one time we felt that we had found, in canine material, some 
evidence in support of the sebaceous epithelial orif^in of these tumours. 
This suspicion arose from a case (Canine, 14791) in which in th« 
immediate neighbourhood of a basal-cell carcinoma of the maxillary 
region were found two warty papules which proved on microscopic 
examination to be early stages of epithelioma of sebaceoxis gland 
origin. These lesions are discussed in detail under that heading, 
along with other growths of the same type. The inference, a slender 
one admittedly, was that of three primary (multiple) papules arising 
as proliferations of Sebaceous glands of ilie cheek, one had progressed 
to basal-cell carcinoma while the others had remained in an incipient 
and still recognisably sebaceous stage. It may he recalled that 
Hamdi (1933) (in the sphere of human pathology) has stressed that 
basal-cell epithelioma arises as a ^‘benign’* lesion which remains 
ill that stage for a long time before becoming active. Attractive 
as it was to consider the basal-cell tumour in the case referred to as 
a later stage of the sebaceous proliferations which vrere found in 
such close proximity to it, this suspicion cannot be justified on the 
evidence of the above case alone; for in a later case identical 
sebaceous proliferations w’ere accompanied by acanthoma in the same 
subject; and, further, I encountered fully malignant tumours of 
sebaceous gland origin, wdiich in no way resembled basal-celJ 
tumours, and which also were accompanied in the same subject by 
earlier sebaceous gland proliferation of the type previously referred 
to. It then becomes clear (if I may thus express the dilemma) that 
if we attempt to jump out of the frying-pan ” of the duality ot 
malignant tumours derived from the epidermis we succeed only in 
“ falling into the fire of an equally puzzling duality of tumours of 
sebaceous epithelium.(') 

Yet the situation of basal-cell carcinomas, infiltrating fat 
beneath and having no continuity with the epidermis (Fig. iiS), 
greatly favours the thesis of a derivation from accessory epidermal 
structures, and the fact that the small parakeratin pearls found in 
basal-cell tumours are morphologically identical with those in hyi)ei- 
plastic sebaceous glands adds*strongly to this suspicion.(®) The only 
other possibility, by a process of elimination, seems to be tliat they 
may be of sweat-gland origin. For this idea, however, T have been 
unable to find direct evidence, and in the collection w’e have no 
exam Dies of sweat-gland tumours. In most textbooks of human 
pathology sweat-gland carcinoma is treated as a separate entity. As 
has been mentioned, it appears to me that as authoritative an observer 
as Hieronyini has confused sweat-gland tumours with the basal-cell 
tumours, and there remains a possibility that he ma,y have been led 
into this (apparent) error because of an essential similarity or an 
identity between the two. 

It would seem that an open mind should be kept regarding the 
problem until further evidence is to hand. 

(^) Haythorn’s view that it is only the necks or loss differentiated portions 
of the sebaceous glands which give rise to basal-cell tumours offers a way out 
of this difhenity. 

(*) The origin of basal-cell epithelioma from sebaceous glands is also very 
consistent with the alisence of this tumour from birds. Yet it is only fair to 
rer>eat, when usin^ this fact as evidence, that there are also domesticated 
mammalian species m which undoubted cases are not cm record. 
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Fkj. 28, -Basal-eel] epithelioma in the dog: Encapsulation beneath the skin; fonnation 
of false lumina. (14791 ; 30 X.) 



Fio. 20.—Sebaceous epithelioma arising from the peri-anal glands of the dog: Note how 
the neoplastio tissue invaginates without actually penetrating the thin-walled 
veins of the stroma. (15902; 33 X.) 
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(c) Adenoid Epitdeliomata. 

Under this category it in proposed to discuss neoplasms which 
have a resemblance to glandular structures of epicTennal origin 
(excluding the mammary gland), and we are concerned here mainly 
with neoplasms characterised by derivation from the sebaceous glands 
or resembling sebaceous glands in their structure. Little is known 
with certainty of the relations between such tumours and the other 
epitheliomata, Haythorn and many others consider that the basal-cell 
tumours are deriveci from the hair-follicle-sebaceous-gland epithelium, 
but from a study of these tumours, although final conclusions regawl- 
iiig the histogenesis of the basal-cell tumours cannot be reached, 
we at least know that they are not the only malignant tumours which 
have this origin. Furtlier discussion of this group of tumours is 
better postponed until after a consideration of the individual cases. 
Two species, the dog and the goat, are chiefly concerned. 

(i) Adenoid Epithelioma of the Perianal Glands of the.Dor/. 

The collection contains but one case: — 

Case 1 {Canine, 15902). 

This neoplasm was removed, after destiu(*tion, from a niale Irish 
terrier, 14 years of age, on which autopsy was not permitted. The 
specimen consists of the anus and adjacent perineal skin and muscu- 
latuie. The perineum below the anus bears a large, flaiteued, 
ulcerating new growth 5 cm. in diameter and 3 5 cm. in thickness 
(depth) wdiich extends upwards to involve the orifice of the anus. 

It is poorly circumscribed and not encapsulated. There 
are outlying nodules cri. 3 mm. in diameter, extending into the 
anal canal; and the main mass is lobulated, as if composed of an 
aggregation of nodules of the same order of size. The colour 
yellowish white, the consistence firm, and the tissue offers consider¬ 
able resistance to the knife. 

Microscopically (Fig. 29) the tumour is seen to occupy, at ii< 
jieriphery, the deeper portion of the derma and the subcutis, while 
centrally it ulcerates through the epidermis. It shows a rather 
regular system of strong and Veil differentiated collagenous trabeculae 
which completely or almost completely separate the rounded oi* 
polygonal lobules, varying from -5 to 3 mm. in diameter, whic^h were 
observed macroscopically. From these trabeculae, which carry the 
larger blood-vessels, proceeds another system of regular, very delicale, 
secondary trabeculae mainly composed of thiu-walled blood-vessels 
and capillaries. These vessels have a thin backing of delicate 
collagenous strands* which separate the parencbjrma of the lobules 
into closely apposed, elongated, cylindrical acini, often measurin^^ 
some 65/i in diameter and over 1 mm. in length. These strands of 
cells are generally arranged parallel w*ith the nearest primary 
trabecula bordering the lobule, and are thus straight when the lobule 
is bounded hy straight sides or variously curved where the sides (»f 
the lobule are curved. The connective-tissue septa in the more 
superficial parts of the growth carry, besides bbwl-vessels, the ducts 
of sweat-glands, hair-follicles, and sebaceous glands, showing clearly 
that the stroma of the tumour is largely the pre-existing connective- 
tissue of the derma. A peculiar feature, of the growih is that the 
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lobules are in many (*ases almost completely surrounded by a venous 
blood-vessel whose walls have been jiuslied close together by Ihe 
expansive growth of the tumour as it invagiiiates the vessel, and in 
I)laces there may be complete obliteration of the vascular lumen, 
the walls being in apposition and the endothelium having dis¬ 
appeared. Such a vessel may ret eive tributaries from the intralobular 
stroma. Iji tl)e sections, the appearance seen is that of islands or 
peninsulas of parenchyma closely invested by endothelium at tliei> 
circumference and separated by a narrow space (in which hlood-cells 
are to be found) from an emlothelial-bordered primary trabecula: 
on close examination a thin collagenous baching to the endotJieliiun 
covering the j)areiichy]iia is seen. This invagination of thin-walled 
veins of the stroma is a striking feature which is present throughout 
the growth, although not all the lobules show this arrangement; (it 
is well illustrated in Fig. 29). 

Eacli lobule of the parenchyma has a characteristic striuture 
and is composed of two types of epithelial tells: — 

(a) At tlie peri})hery and boidering the secondary trabeculae is 
a single row of cells liaving much the appearance of the basal 
elements of stiuamous eiutlielium. They are somewhat columnar and 
their long axes are verii<‘al to the direction of the trabecula. The 
cytoplasm, as in basal cells, is indistinctly stained (pinkish-mauve), 
homogeneous, and its boundaries not clearly seen. Tliese elements 
are smaller than the (*entral cells (h) to he desciibed below, measuring 
from 7 to 9/x in long diameter, while their breadtli may be gauged 
from the fact that the inudei of neighbouring cells are often 
separated by as small a distance as la. "Wie nuclei are usually 
distinctly oval, some x 4 but not infrequently they approach 
<i more nearly spherical shape, being some o JI/a in diameter. They 
have a sharp nuclear membrane and stain darkly on account of the 
presence of many ratlier coarse cliromatin particles tending to 
«d)scure the inconspi(*uous nucleolus. (Jr these coarse ])articles mav 
he arranged peripherally, leaving a lighter central area. The 
nucleolus is usually single, less often double. 

There apjiears considerable vaiiation in these peripheral cells, 
especially as regards their nuclei, both because varying degrees of 
P 3 TU 0 S 1 S are iMmnnon and be(’ause of the conslant occurrence ot forms 
transitional between them and the central cells to be described. 

(h) The central cells of the acini are much huger than the peri- 
pheral cells. They are i)olygonal to s])herical in sliape and rich mi 
a cytoplasm having more distinct outlines tiian in the case of the 
basal elements, the boundaries being seen (in Zenker-ft)rm()l-fixed, 
juiratfin-embedded and haemalum-eosin-stained sections) as fine, deep 
pink, retractile lines. Since there are, as one proceeds inwards from 
the basal elements, all degrees of change into the t^'pical central 
elements, the (‘ells vary greatly in size, from little larger than the 
basal cells (e.g. Sju) to very large cells commonly reaching 22 to 2()/t 
in longest diametei. Their cytoplasm (oil immersion objective) is seen 
to he distinctly cloudy due to closely aggregated, minute, light pink- 
staining granules having a “ soft ” appearance, from aggregations 
of w’hich may occasionally he formed irregularly oval, very inc.on- 
spicuous, vaguely outlined, light pink-staining, hyaline globules 
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varying in diaineier from 1 to 9 /a. This is appai’enily a degenerative 
change, since in isolated cells the whole cytoplasm may have under¬ 
gone ihis hyaline change and in such elements ihe nuclei are espe¬ 
cially prone to show necrobiotic changes (wrinkling of the nuclear 
membrane, pycnosis). The cytoplasm further shows fairly numerous 
rounded facuoles, measuring up to ca. 1-8/x in diameter and reacting 
to Sudan III, with which stain are discerned all smallej' sizes of 
globules down to the order of size of the pink-staining granules; 
but when such are reached, the lipoid reaction has already become 
indistinct. (The basal cells on the other hand give no reaction with 
Sudan III.) 

The nuclei of these central cells are larger and lighter-staining 
than those of the basal cells. They are oval, measuring 7 to 9/x in 
long diameter. Many show irregularities of shape (angularities, 
wrinkling of the nuclear membrane). Their chromatin particles aie 
in general distinctly smaller and less heavily staining (more vesicular 
nuclei) but, as in the basal-cell nuclei, they have a predileciioii 1o 
be deposited in the peripheral part of the nucleus. The nucleolus 
shows marked differences: it is often, although not invariably, 
peripherally located, sometimes in (ontaet with the nuclear mem¬ 
brane; and it is conspicuous and larger, reaching a diameter of 1 *8 /a. 
As in the basal cells it may be double. Hyalinised central (‘ells wiili 
opaqne, deep pink (haenialum-eosin) staining cytoplasm tend to rnu 
in strands in the acini, causing a variegated appearance of the paren¬ 
chyma, a conspkuious feature under low magnification. 

In some of the smaller acini, situated at the growing edge of 
the lobule, differentiation to central cells is slight, and the promi¬ 
nent, closely crowded basal cells occupy most of the acini, leaving 
room for only a couple of the central (‘ells. 

Here and there small whorls of concentrically arranged central 
cells are formed and fibrillation of the cytoplasm may be seen in 
such cells although definite keratinisation is absent. Otherwise these 
whorls to some extent resemble ‘‘ pearls and may be termed 
‘‘ parakeratin pearls In these cells, loo, large fat va( uoles are 
prominent. 

The ulcerating surface shows an exudate of neiitio])hiles. 
Mitotic figures are found only aftor prolonged searching. Occasional 
haemorrhages occur in the parenchyma. There is no definite encaj)- 
sulation of ihe whole growth, but each outlying lobnle has its capsule 
of connective tissue (jorresponding to the trabeculae separating tlie 
aggregated lobules which form the main mass of the iumour. 

Remarlcs .—This tumour closely simulates the mprphology of th(.* 
normal peri-anal glands(®) of the dog. Especially reganling the 

(*) Anatomical Note.—There exists much confusion among veterinarians 
and in the literature regarding the glands in the neighbourhood of the anus 
and it is necessary to state that the peri-anal glands are modified sebaceous 
glands which must l)o distinguished from: (1) anal pouch glands, which lie 
in the walls of the simis parnnalis (anal pouches) and which are compound 
glands morphologically relatecl to sweat glands but producing a fatty secretion; 
(2) sehaceom glands occurring especially in the neck of ihe wall of the anal 
pouch and around its opening; (3) anal glands, situated in the submucosa of 
the zona columnaris of the anus and extending also into the muscularis. 
These are alveolar glands and have a fatty secretion in the dog; (4) flic 
sebaceous and sweat glands of the zona cutanea, of the anus. (Ellenberger and 
Uaum, 1921.) 
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cytology, the coiTesi)on(lence is very close. Tlieje is a greater dowel¬ 
ing of the basal cells and the tendency to form whorls of fibrillated 
cells not seen in the normal gland. In cytological details, inchiding 
nuclear appeaiance, size, and nucleolar-nuclear lalio there are no 
obvious depaitnres from the normal. In classifying a growth of this 
type we have to consider the following i)oinls:—The close adherence 
to the normal cytology and the absence of encapsulation constitute 
features reminiscent of mere hyperplasia. However, the ulcerative 
nature of the growth and the magnitude of the process as well as 
the absen(*e of excretory ducts would not justify such a diagnosis. 
An lUKiualified diagnosis of imilignancy (carcinoma) is also not to be 
thought of on account of the close reproduction of the normal archi- 
teciture, the ncnjiiality of the cells themselves, the very low mitotic 
index, the absence of increased nucleolar size, and the ahsencie of 
intravascular invasions. Further it is somewhat dilHcuill 1o evaluate 
I he relative importance, in the ul(*erative process, of the actual 
invasive tendency of the tumour and the traumatic influences to 
which the covering skin of a perineal growth in the dcjg would he 
especially liable on acc^ount of irritation and ihe response of the 
suhjecd thereto. The diagncjsis of adenoma remains to he considered 
and this is the term which has usually been applied to these tumours, 
which appear to he fairly well known in dogs—(Joest, 1i(h 1, S.748— 
excellent macrosco])ic illustration). AV^hile in many respects being a 
suitable term by whic h to designate sucdi a growth, “ adenoma fails 
to indicate the jmrgiessive invasive growth and the iilc'erative ten¬ 
dency of these tumours. It api)ears to me that in naming the tumours 
arising from scjuanions ej)ithelium and its immediate derivatives in 
mimicry of terms (adenoma, carcinoma) esserftially designed for 
tumours of columnar e]n’thelial surfaces and their glandular deri¬ 
vatives we succeed in a simplification only at the expense of loss of 
clarity in our meaning. This fact has of course been widely recog¬ 
nised and is at the bottom of tbe aclo])tion of the term “ epithe¬ 
lioma ”—itself ])erhaps an unfortunate choic^e, hut by now too firmly 
established to make a change easy. The best designation for the 
uimcnir under discussion appears therefore to be adenoid epithe¬ 
lioma the merits of this term de])encling on its emphasis on the 
ecdodermal deiivation and affinities, the essentially glandular nature 
of the growth, and an absence of a dogmatic* indication of whc^tlier 
tbe tumour lielougs more to the benign or to tbe nialignant neoplasnjs. 

Dinytujsis, —Adenoid epithelioma (“ adenoma arising from 
the perianal glands. 

Orrvnencn of anil Lifvralvrc convrrning Epithelioma of the 
Perianal Gland a of the Dofj. —The c*ase described is the only one to 
our knowledge encountered in South African. Although Feldman 
states that . the perianal glands exhibit a special ])redileftion 

for these growths (adenomas) ”, yet he has not apparently encoun¬ 
tered a case himself, and although we must accept this statement 
ancl it is probable that they ought to be regarded as common tumours, 
yet the incidence in this country appears to he low. (doest, Bd, 1, 
pp. 747-50) has given a good short description of the tumours iu 
ciuestion, which were first described by Sieclamgrotsky (1877), and 
indicates that they are of fre(|ueiit occurrence. The tumour illus¬ 
trated by him in is in its general morphology very similar to the one 
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we have described, and this author leaves open the question of 
whether the term adenoma or adenocareinoma should be applied. He 
indicates that these giowths U 8 iiall 3 '^ behave in a benij,ai fashion, 
but that metastases and recurrence can occur ‘‘ wenn die Oeschicaht 
. . . die Character dues Adenolmtzinovis bcsiiz It is evident, 
then, that various grades of malignancy- occur and that it is advisable 
to indicate in the diagnosis (as we have done above) whether the 
tumour is moie related to adenoma or to carcinoma. Ball (192G) 
{cit. Dupas, 1928), in a work not available in South African libraries, 
is said to devote a whole (diapiei to the discussion of these tumours 
and to distinguish also between “ adenoepithelioma ” and the 
“ metatypical form Dupas (1928) gives a close description of the 
pathology of a case of the malignant type encountered by. him but 
which has not been observed in this country (although highly malig¬ 
nant tumours of sebaceous type have been seen elsewhere in the dog, 
e.g. on the cheek). This fiankly malignant variety, of more atypical 
histological structure, is, presumably, far rarer than the non¬ 
recurring and non-metastasizing kind, only three cases of the former 
having been encountered by Ball. Talacle (1934) has also indicated 
the common occurreme of these tumoiirs, and he discusses their 
nature in some detail. Having (appaiently) observed only the 
malignant variety, he makes the misleading generalisation that his¬ 
tologically the structure is incontestably of cancerous nature and in 
his description the anaplastic changes are given much prominence. 


(ii) Adenoid Epitheliomas arising from (other) Sehareovs 

Glands. 

In dogs we have not infrequentlv encountered small nodules of 
the skin, usually occurring in multiple form, of which I can find no 
really clear description in either the hnman or the veterinary 
literature. The following cases are to he described: — 

Case 2 (Canine, 14971). 

This specimen concerns two paj)ules found in the skin of the 
maxillary region in close association w-ith a lesion, already referred 
to, which proved to be a busnl-<'ell carcinoma. Indeed, they w’orc 
removed surgically at a later date than and alter the diagnosis oi 
the tumour mentioned^ because of the likelihood that they w-ere the 
pjecursors of similar tumours. The nodules were two in number, o1 
a pale yellow-ish colour and slightly raised above the surrounding 
skin. They presented fine markings suggestive of lobulation, moved 
with the skin (nof being attached to the deeper structures) aui( 
measured 2 and 3 mm. in diameter respectively. 

Microscopically-, these nodules are seen to he due to circumsci ibed 
Imt not definitely encapsulated proliferations of sebaceous glands. 
There is a marked hyperplasia of the basal cells of these organs 
accompanied by most imperfect differentiation, so that the alveoli 
are formed by but a few^ sebum-containing elements surrounded by 
many layered basal epithelium in w^ich mitotic figures are frequent. 
Occasionally' there is also a slight infiltration of neutrophiles int(» 
the epithelium and in the adjacent parts of the conuiii. 
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Ifemarls .—Lesions of this nuture are presumably often classed 
as sebaceous “ adenoma Ilut the process in the staft:e described 
is essentially a hyperplasia of pre-existinff structures. The close 
topographical assocnatioii witli a (fully developed) liasal-eell carcinoma 
])rovides strong evidence that these papules may be the precursors of 
such tumours. Their high mitotic index indi(;ates that they are 
exceedingly rapidly growing and it is probable that such lesions 
should be regarded as iirecaiicerous if not actually as early stages of 
malignant neojilasms. 

■-*Mul1i[)le sebaceous gland hyperplasia, probably to 
be regarded as precanceioiiN and possibly leading to the formation 
of basal-cell cann’nonia or adenoid ejiitbelioma. 


f (Canine, lofJ52). 

The specimen consists of three pieces of skin removed from an 
eleven-year-old male cocker spaniel at the time of desiruction: - 
(a) Skin from the forehead shows a thiidv raised plaque, standing 
some 4 nun. above the surrounding surface and measuring 2*?] cm. 
in diameter and 1 cm, in thickness. It is circular and discoidal. 
On section the cut surface is white, of firm consistem-e, and somewhal 
fliable (fixed specimen). The surface is paitially covered by a hard 
lirownish crusf. (h) and (r) Two pieces of skin from the arm and leg 
respectively, (h) One shows a small, broadly pedunculated growth, 
5 cm. in diameter and liaving a granular surface. On section it is 
seen to be composed of polygonal or rounded lobules 1 mm. in 
diameter, (c) The other hears a similar, hut smaller, whitish nodule 
measuring *^1 mm. It has a somewhat acuminate shape and a lobular 
appearance is not seen. Tt is coveied by a haemorrhagic encrustation. 

Micmscopically :—(^/) The growth from the frontal region (see 
Fig. 30) shows a stroma of coarse Irabeculae of (‘oiinective tissue 
which give otf finer septa completely dividing the ])aren(‘liynia into 
polygonal lohul(*s or elongated strands. In many parts this stroma 
is fairly cellular (fibroblastic) and it also shows a ])ioderate lymphr'- 
cytic infiltration. It carries a geneiwis vascular supply. The 
parenchyma is t'oinposed of several cell varieties, all of which are 
clearly modifications of one and the same type and hetw^een whici» 
transitional foiius are readily to he seen :—(i) The greater number of 
the cells are oval or columnar elements with indistinct cytoplasmic 
outlines and elongate-oval nuclei and have a distinct tendency to be 
arranged vertically to the interlobular septa; or in long rows of 
vertical elements wbeje the ]mrenchynia is arranged in narrow 
strands some two cells iji thickness. The nuclei (usually some 
14 X lO/i) are rather heavily chromatic, being filled with numerous 
coarse to fine chroiriatin particles. The nucleoli are usually tw’o in 
number and are considerably obscured by the chromatin and are 
not prominent (ra, l-h/j. in diameter—i.e. a nlJS latio of some 
1 ; 60). These elements are thus of the basal type but are not 
normal basal epithelial cells morphologically', (ii) In many places 
these cells go over into spindle-shaped elements having a somewliat 
larger amount of cytoplasm and showing clearer nuclei, i.e. 
although the chromatin particles are actually coarser they are less 
.numerous and on this account, as w^ell as because of an absolute 
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increase in size {ca, to 2/x), the nucleoli are somewhat more prominent, 
(iii) This type consists of flattened cells of squamous chara(’ter having 
definitely vesicular nuclei, in which relatively few chromatin parthdes 
are present, and prominent nucleoli (4/x). The nuclei of these cells 
are larger, measujing 118 x 14/x, Harely, traces of intercellular 
bridges are seen, (iv) The cells described under (iii) may produce 
definitely keratinised elements arranged concentrically to form small 
pearls, (v) Lastly, there are large polygonal elements filled with 
fatty globules and arranged singly or, more often, in groujis. Their 
nucleoli often measure 8*r)/x. Eventually, in these cells the nucltd 
become shrunken and lie centrally in the fat-filled cytoplasm. These 
cells are often closely associated with the masses of squamous elements 
so that hornificalion and sebaceous secretion j)roceed side by side in 
neighbouring cells; and where such cells have (as is often the case) 



Fia. 30.—Detail of the structure of the adenoid epithelioma (lesion a in the text) of the 
dog: Note among tlie undifferentiated colls the groups of more differentiated 
elements which are in part keratinised and in part sebum-secreting, resulting in 
formation of small cysts. (159*32; 110 x.) 

a ooucentric arrangement, peculiar “ vacuolated pearls ” result, i.e. 
partially liornified cyst walls filled with sebaceous material and cell 
debris. Such cystic cavities are fairly frequent in the tumour uiul 
vary from the diameter of a single cell to 100/t. Cysts also occur 
which we lined by the as yet non-keratinised elements described 
under (ip. Mitotic figures are fairly frequent, but no abnormalities 
of mitosis are noticed. Haemorrhages may occur between the tumour 
ceUs. Sumrficially the growth presents an ulcerating sui-face covered 
with purulent exudate, and neutrophiles infiltrate the stroma in the 
neighbourhood. 
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(6) This nodule (Fig. ;U) is situated in the cutis and is covered 
by a highly aeanthotic epidermis, which it raises prominently above 
the surrounding surface. Of this cutis the sfj'atum corneuni is con¬ 
siderably increased in thickness and the sir, granulosum and 
.sfr. spinoHutn are greatly increased. The rete pegs are most 
exaggerated in breadtli and depth and these downgrovvths merge 
everywhere into hyperplastic sebaceous alveoli which, demarcated by 
line strands of coiuieclive tissue and grouped into lobules b 5 ^ coarse 
strands (apparentlj^ the pre-existing connective tissue of the cutis 
rera), (constitute the actual bulk of the nodule. The lobules men¬ 
tioned (M:)nsist of a single peripheral row of basal cells within w’hich 
are solid masses of sebaceous cells not ditfering obviously from the 
jiornial elements of sebaceous glands. Associated with these sebaceous 
lobules are tlie aforementioned down-grown ‘‘ rete pegs which are 
often branched and hollow, i.e. forming ducts for the glands and in 
which may also develop cysts filled with keratin and lined by 
all the layers seen in a normal epidermis, including a prominent 
stratum granulosum. Within the lobules occur also small cysts lined 
by flattened keratinised cells, backed by a layer of spindle-shaped 
elements showing distinct epithelial fibrils, and conlaiiiing sebaceous 
material and cell debris. Mitoses occur in the basal cells of the 
sebaceous alvetdi, but are not frenueiit, being about as numerous as 
those to be seen in the basal layer of the acanlhotic epidermis. There 
is no special encapsulation from the* rest of the cutis ocra, and oJe 
the other hand no evidence, as yet, of distinctly invasive growth. 

( 

(c) Secti(»ns of this nodule (Fig. 32) show the following:—The 
ejiiderniis is affected by pronounced hyperkeratotic and acanthotic 
changes an(l a few of the ])apilla(j of the rut/s vera are gieatly elon¬ 
gated, forming tall, acuminate outgrowths covered by epithelium and 
matted together by an exudate of horny delnis mixed with red cells 
and neuirophiles. At tht* edges of the lesion the hair-follicles show 
thidveuiiig of their walls and their mouths are filled by horny plugs 
(Ihe hyperkeratosis suprafollieulonun of dermatological pathology), 
ill the nodule proper (responsible for the bulk of the enlargement) are 
two ei)ithelial masses which are interpreted as alteied hair-follicles: 
in serial sections both are shown to be continuous with the epidermis 
by mouths which are filled with purulent exudate and horny debris. 
Hie epithelial ])roliferatioiis themselves lie beneath the epidermis 
from which (ext^ejit by a study of the serials) they might be thought 
to be isolated by the connective tissue of the coriuni. The one is 
composed of all the layers of the epidermis, but is altered by acau- 
thotic (lianges and encloses the central lumen of the follicle. This 
contains horny debris, which, nearer the surface, liecomes mixed 
with a purulent exudate. Internally this epithelium is markedly 
hyperkeratotic; externally the margin shows a number of blunt, 
branching, ])roliferating masses (^f epithelium comparable to hyper¬ 
plastic rete pegs. The other follicle shows more advanced changes: 
the same horn-plugged lumen with cellular exudate is present, but 
there are pronounced proliferative changes of the epithelial wall, 
which exists as a number of typical horn-cysts lying peripherally 
and connected to the centre by strands of proliferating cells among 
which mitoses can be found and most of which are of the basal type. 
The whole is well circumscribed. 
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FtG. 31.—^Smnll hebaceoiis epithelioma of the dog (lesion b of the text.) (15952; 30 X.) 
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Rcmfuks ,—Although the actual hislopathological processes in¬ 
volved aj-e clear, the greatest difficulty lies in the classification of 
the lesions described. The first lesion is an epithelioma which com¬ 
bines the features of basal-cell indiferation (basal-cell epithelioma), 
sebaceous epithelioma, and adenoid cystic epithelioma. On account 
of its ulcerative nature and evidence of rapid-growth it cannot, even 
at iis present stage, be regarded as other than a malignant growth. 
Somewhat similar* lesions of the dog have been designated hy 
Jlieronymi (lli24) as adenoid cystic. e])ithelioma of IJrooke (a lesion 
of the human subject), hat these do not seem to have reached the 
degree of malignancy of which this growth gives indications. Its 
piilhology may be summarised as follows: an ulcerating grow^tii, 
iion-pnca])snlated, but (as yet) confined to the skin, coniiiosed iire- 
dominantly of neoplastic basal epithelium rich in mitoses and show¬ 
ing a tendency to differentiate into both sebaceous cells and flattened 
c(*lls forming horny cy>ls. 'J'here is no fundamental histological 
difference in ty])e beUveeii this lesion and lli'ookoV epithelioma of 
man. l^o^^e^er, it is j)r()bably not wise io take over such a teiiu 
fiom human jialhology nnles.s the lesions are actually identical in 
tlreir behaviour as well as in their ])a<hologi(‘al anatomy. 



Fkj. li'2.- An early epithcJioniatoid lesion in the dog (name subject as figs. liO and 31); (lesion 
c of the text): Proliferation of the walls of two hair>follicles. (15952; 30 > .) 

Tlie second lesion described shows evidence of a new’ formation 
ot atypical sebaceous glands from an acanthotic epidermis, througli 
downgrow’ths of rete pegs, wdiich differentiate at their distal ends 
into sebaceous cells and also have a tendency to form cysts and to 
become keratinised, while their necks become hollow’ed to provide 
ducts to the glands. The tumour is a more benign counterpart of 
the first lesion. It would probably (loosely) be called a “ sebaceous 
adenoma 
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The last lesion is peculiar, and no patholoj;?ical process embody¬ 
ing all the features seen could be found described in either human 
or veterinary dermatological texts. It has many of the features of 
the lesion described in human dermatology as hyperleratosis folliru- 
laris vetjetans^ consisting essentially of a proliferation of hair-follicle 
walls with excessive formation of keratin which blocks the mouths 
of the follicles, and it is associated with a purulent infiltration 
(probably secondary). But added to this is the marked tendency to 
the formation of horny cj'^sts w’ithin the acanthotic follicular wall. 
These changes in the hair-follicles are associated with alterations of 
the epidermis having to some degree the character of acuminate 
condyloma. 

One is iempted to assume that all these lesions are but variations 
of one and the same process and that a minute sub-division in strict 
accordance with the histo-pathological anatomy may result in an 
artificial differential ion betw een them. All three, but most certainly 
the first, are to be regarded as pre-cancers in the best sense of that 
not unobjectionable term, viz., they are lesions which, if not inter¬ 
fered with, would (one feels w'ith a high degree of conviction) develop 
into frankly malignant tumourH, What seem more important to us 
than this consideration, however, are the histogenetic principles 
which are suggested from a study of these apparently little 
knowui cutaneous lesions of the dog; pixdi feral ions derived 
from basal epithelial cells may grow- either ns undifferentiated 
basal cells, as hornifying squamous elements fornn’ng intei- 
cellular bridges and horny cysts, or as sebaceous gland cells. 
What then happens to the old distinction (Krompecher) l)e- 
tweeii the potentialities of basal and spinous cells respect ively ^ 
One can no longer doubt that from basal epithelium, iu 
neoplastic grades of proliferation as w^ell as in normal organo¬ 
genesis, various cell types may arise on the basis of the intiin^ic 
f;otentialities for diflerentiatiou possessed by these cells. For the 
histogenesis of three types of epithelioma—acanthomas, basal-cell 
tumours and adenoid tumours—this princi])le appears to us to be 
of the first importance, showing that dogmatic statements im])lying 
an exclusive origin of any of these tumour types from a single site 
or cell type are to be avoided. 

Diagnosis, —The strict histo-pathological diagnosis of the thiee 
lesions described would appear to be (i) adenoid cystic epithelioma 
[sebaceous adenoid carcinoma (?) in early stage]; (ii) sebaceous 
adenoma; and (iii) ar.anihoma adenoides cysticnm (IJnna) in early 
stage. Together they may be classified as a case of multiple adenoid 
epithelioniata. 

Since the above cases w’ere described, a case of frankly malignant 
sebaceous epithelioma of the face writh regional lymph-gland as well 
as pulmonary metastases has come into our hands, but unfortunately 
too late to be included here. 

Case 4 {Canine, 10223). 

This w^as a large growth (Fig. 33) removed from the back ” 
of a dog at operation It weights approximately 890 gins, and is 

(i«) The Department is indebted to P. L. le Houx, Esq., M.B.C.V.S. for 
this tumoiir. 
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of flatteued-hemispherical shape (bun-shaped). It measures Id cm. 
in diameter and 7 cm. in height. It is covered by skin which bears 
rather widely separated tufis of hair, in places it is actuallj^ devoid 
of hair. These tufts, reddish-brown in colour, sprout from the 
follicles as groups of six to a dozen hairs, each iiift having much 
(he appearance of a camel-hair brush. The skin is pigmented, being 
in the formalin-fixed specimen of a slate-blue colour. Over the 
base or underside of the tumour is seen the (surgical) incision through 
the broad pedumde sonie 8 to 9 cm. in diameter and formed by a 
highly adipose siibculis. The actual new growth lies immediately 
below the epidermis, which is apparently uiithickened. From here 
to a de])th of d cm. is seen on section a layer of tough, mottled 
gieyish and light yellowish tissue, limited deeply hy the subcutis 
whicdi is heavily laden with fat. From the siibcntis this altered 
cutis rent is not encapsulated, but the line of limitation is (juite 
sharp. At the edges, this altered derma is curled in on all sides 



Fig. 33.—A large lesion of the skin of the lumbar region of a dog consisting in sebaceous 
gland hypertrophy and hypt'rplasia (sebaceous adenoma). (10223; 1/2 x.) 

towards peduncle, gradually diminishing in thickness. For the niosi 
part the covering epidermis is smooth but here and there it is 
roughened by soft papules, -25 to *5 cm. in diameter, standing 
slightly above the surface. The whole growth, with its curled-in 
borders and prominent tufting of the hairs has often been likened 
to a hedgehog by visitors to the Onderstepoort museum. 

Microscopically, the picture seen (Fig. 34) is a complex one at 
first sight, the specimen having remained for some years undiagnosed 
and indeed having been regarded as in the piovmce of teratology. 
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Keduced to its essentials, hovvever, the histoloVy may be described 
as follows:—The tumour consists of a greatly thickened derma, this 
thickening being caused by tw’o chief factors: (a) a huge increase 
in collagenous bundles, this connective tissue being on the whole 
poor in fibrocytes; (6) a most striking hypertrophy ” and “hyper¬ 
plasia of ilie sebaceous glands: these glands lie for the most part 
deeply in the mtis vrrn and are much lobulated. They are supplied 



Fio. lU.—Structure of tlie loHion shown in fig. 33 : Sebaceoas gland hypertrophy and hyper¬ 
plasia in the sclerosed and adipose cutis rera, (10223: 16 X.) 


by ducts wlii<li are often branched. The ducts open into huir- 
folHcles and also directly to the surface epithelium. Apart from 
their exaggeratedly rich lol)uIation, the glands (i.e. their individual 
lobules) show as a rule no striking departure from the normal. In 
places, however, there is also a proliferation of their basal c^lls, 
which then show hut little tendency to normal differentiation: thus 
arise solid lobules of basal cells. The duets often show exaggeration 
of the normal keratinisation (sebaceous duct hyperkeratosis) and this, 
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together with the preissure ot the densely collnti^euised surroundiu^' 
connective tissue, is doubtless responsible for their frequent occlusion, 
reflected in the np|)ein*ance of cysts lined by stratified epithelium ami 
filled with fatty and keratinous debris. In one section such cysts 
reach a diameter of d mni., beinj;^ readiJy visible to the naked eye. 
Further factois in this tumour-like thickening ot the skin are; (r) a 
lipomatosis of tlie derma, wherein occur large and small colleciioiis 
of fat-c.ells extending vertically downwards into the subcutis. There 
are also actual free “ pools of fat lying in the connective tissue; 
and {(f) a diffuse cellulation (lymphocytes and plasma cells) occur¬ 
ring esjiecially in the vicinity of the glands. There aie also definitely 
focal accumulations of such c‘fdls mixed with variable and even con¬ 
siderable numbers of neutro])hiles and macro])hages. Some of these 
foci are actually enca])sulated, foiniing minute abscesses. 

Deeply the tumour is not s])ecially eiu^apsulated from the sub- 
( ulis, into which it passes by a thinning of the collagen bundles, by 
the continual ion of the dermal adipose tissue into the same tissue of 
the subcntis, and by the limitation of the altered glands to the derma. 
The epidermis in j)arts shows hyperkeratosis. 

—This tumour must bo unique in size for one derived 
from sebaceous glands. Sebaceous “ adcmomas ” are not usually 
described as exceeding the size of a walnut. Tumours fumlameutally 
identical with this one have often been termed sebaceous adenomas. 
While a true adenoma rd' sebaceous glands may i)erhaps exist, one 
must be cautious in ajqdying (ln\ term indivscriminately. As Gans 
(1028; has j)ointed out, the distiin'lion of adenoma ^rom hypertrophy 
can s(‘arcely be made, and he indeed considers it advisable to avoid 
the use of the term adenoma in connection with sebaceous glands: 
such lesions fall either under hypertrophies or under congenital 
naevi. The chief (d)jections to a])plying the term adenoma in the 
present case would apj)ear to be: (a) lack of encapsulation (a doubtful 
objection); {h) the diffuse dissemination ot the affected alveoli, 
indicating more a h,\ pertrciphy of existing glands than a new forma¬ 
tion trom a single <ent?*e: what Jiew growth there is, in other words, 
coiK'erns rather the formation of new lobules from old glands than 
the formation of new gland-like units as a whole; (r) the presence 
of ducts. These last two objections appear to us to be very well taken, 
ajid in vif w' of them we would hesitate to a])i)ly the term ‘‘ adenoma 
til ficnsH sirivto. 

The condition, in its pathology, appears to correspond closel.N in 
esvsentials with that lesion of man knowui as ihinophyma—a hyj)e]- 
plastic and inflammatory process affecting the nose, in whicdi the 
derma show's fibrosis and the sebaceous glands hyperplasia (r/V/e 
Gans, jip. 170 ft*.). We are here dealing with a much more exagge¬ 
rated form of such a ])athological change, but there seems to be no 
special term applic’alde to a lesion corresponding lust(dogi(*ally to 
ibinojdiyjua but situated elsewhere than in the nose. Ewing (p. oOO) 
remarks* under the subject of selniceous adenoma, on a form of hyper¬ 
trophy and hypersecret io!i which may apprcaic h neoplastic grade 
He deals with the lesion in connection with those overgrowths of 
gland tissue “ which should be separated from tiue adenoma, 
although no sharp line divides these conditions from true tumours, 
and, in many instances, the one passes into the other 
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My opinion of this lesion was tliat it is not a true neoplastic 
profess: yet it reaches very j^rcjss dimensions actually unparalled 
by lesions of the same general kind which have a clearer claim to be 
considered neoi)lastic. For purposes of convenience this growth has 

i) eeii groui)ed in the collection with the neoplastic processes affecting 
sebaceous glands. Had there existed sebaceous “ adenomas ’’ whicli 
clearly fultiiled all Horst’s criteria of adenoma (e.g. encapsulation, 
<,ojisi(leral)le differences from the normal in the finer structure of the 
glands, et<‘.), I should have hesitated to do this. But to the practical 
man this lesion is essentially a “ sebaceous adenoma ” and tenta¬ 
tively, pending comparison with true (?) sebaceous adenomas, it 
such" should be met with, it has been grouped as such. No case 
resemhling this has been found by me in the veleriiiary literature. 

Diagnosis. —Sebaceous gland hypertrophy and hyperplasia reach¬ 
ing neoplastic dimensions (*' adenotrui sehar.ettm 

Summary of the cases of Adenoid Epithelioma in Dogs, 

The skin of aged dogs provides ext*ellent material for the coin 
parative study of cuiaiieous neoplasms, and although we have been 
able here(‘M to do little more than to draw attention to the problems 
concerii€»d, it is evident that much closer attention is demanded in 
order to elucidate the relationships of sebaceous neoplasia and hyper¬ 
plasia on the one hand and the basal-cell carcinomas and acantlmmas 
(Mi the other. Pathologically the lesions we have stiulieil have con¬ 
sisted in (1) sebaceous epithelioma arising from the perianal glands 
(the best kiiowji of these tumours and a tyi)e regarding which a 
considerable literature already exists); (2) sebaceous epitheliomas ot 
small size (iceun ing as (a) multiple lesions, one (jf which apiiarently 
has pr(.)gressed to frank sebaceous (mndnoma ”, or (h) multiple 
lesions associated with basal-cell carcinoma, or (c) multiple lesions 
accompanying acanthoma. These small epithelioniata apparently 
represent early stages of malignant tumours and from them may 

j) robably develop frankly malignant (invasive and metastasizing) 
sebaceous epitheliomata (carcinomata) and possibly also basal-cell 
carcinoma and even acanthoma. Some of these small epitheliinnata 
appear to arise as prx)liferations (pre-existent) sebaceous glands, 
others from the walls of the hair-follicles, and still others as a now 
formation of “ sebaceous glands ” from the stratum hasale of the 
epidermis. A study of a far greater number of these lesions (which 
I think are quite common) would be necessary to prove the truth of 
these suspicions; (Jl) hypertrophic-hyperplastic changes of pre¬ 
existent sebaceous glands accompanied by chronic dermatitis and local 
lipomatosis producing massive localised enlargement of the deiina 
attaining neoplastic dimensions, hut not considered a true neoplastic 
process. 

Adenoid Epithelionvata in other Species, 

Neoplasms classed as adenoid epitheliomas have been encountered, 
apart from among dogs, only in the Angora goat. A lesion of the 
skin of the external ear of a sheep (Ovine, 9041) had previously been 


(^') The study should be applied to a larger number of cases. They are 
probably of quite frequent occurrence, hut tlie early stages are apparently 
usually dismissed as “warts and are not submitted to pathological exami¬ 
nation. 
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diagnosed at this Institute as an adenoid epithelioma, but on re¬ 
examination it was classed as multiple epidermoid and retention 
cysts of the sweat-glands. It is mentioned here only from the 
standpoint of differential diagnosis. The lesions of Angora goats 
arising from sebaceous glands have been carefully described by 
Thomas (1929). Two of his published cases are in the histological 
collection. The one— 

Ca^ic 5 {Caprine, 8507) 

was correcUy described by tbal author (pp. 7213-4) as a “ i)roliferalion 
of sebaceous gland buvsal epithelium . . . with accompanying acan¬ 
thosis^’. A prominent feature of the lesion is the hyperkeratosia 
sapmfolliculoraiu. (“ fissures or cavities usually filled w’ith keratin ’') 
separating the acanthotic rete pegs of the epidermis. As I w^as in the 
case of the lesions of the dog, so was I’homas impressed hy this 
lesion as “ probably an early stage ’’ of epithelioma and he further 
makes the interesting suggestion that from the acanthotic surface 
epithelium might arise acanthoma and from the basal e])itheHum 
of the sebaceous glands the lesions which he terms basal-cell epithe¬ 
liomas: by this means the existence of his mixed spinous and 
basal-cell ’’ tumours would be aptly explained. I feel that great 
w*eighl should be attached to this shrew’d suspicion. 

JJiaynosis. —Adenoid (seba(*-eou8) epithelioma associated with 
(pre-caiMterousi") acanthosis. The lesion is almost certainly an early 
Milage of malignancy. ^ 

I’he other lesion— 

Case (i {Caprine, 8481) 

has been described also by Thomas (1929, pp. 092-^3). Here, too, 
we have to deal with a proliferation of the sebaceous glands wu’th 
imperfect dih'erentiatioii of the cells. Tn this case, howover, there 
is scarcely any accompanying acanthosis ami no hyperkeratosis. The 
lesion is vstill circumscribed, but is rapidly proliferating and cannot 
be termed an adenoma. 

Diagiwsin, —AdeJioid (sebaceous) epithelioma. 


liemarks on the Sebaceous Epitlieliovia of the Goat, 

I do not intend to add much to the very full discussion already 
to be found in the w’ork of Thomas {loc, cit,). These sebaceous pro¬ 
liferative lesions were encountered by him in the Angora goats in 
which both acanthomas and pigmented epitheliomas are found to be 
so frequent, the second adenoid epithelioma actually having been 
obtained from a subject from which a “ basocellular epithelioma 
had previously been removed from the same region, viz., the 
perineum. Thomas strongly suspected that such epitheliomata were 
the immediate forerunners, indeed actually the early stages of 
malignant tumours: and from my owm observations in dogs I feel 
that his suspicion was fully justified(*“). There are two animals in 


(i*) It is hoped to collahorate with Dr. Thomas in a further discussion 
of his caprine specimens. 
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whieli proliferations of sebacetms cells, apparently early stages ot 
malignancy, are found with fair frequency—the dog and the goat. 
In the former, basal-cell carcinomas are common, scarcely occurring 
in any other domevstie animal. They may occur actually together witli 
l)asal-cell carcinoma in the same subject—a primary multiplicity. 
|Ihit instead of being accompanied by a basal-cell tumour they may 
be associated with either acanthoma or fully maligjuint sebaceous 
epithelioma (sebaceous carcinoma).] In this species also, adenoid 
(sebaceous) epitheliomas of the perineal region (arising there 
frcnn the perianal glands) are reported common. Compare with 
tliese facts the following, relating to the goat, in wliicli subject 
s(d)aceons ])iecanceroiis proliferation also appears to be common :— Tn 
this species, in addition to acantlioma, occurs a peculiar, highly 
malignant, and metastasizing epithelioma to which Thomas has 
apjdied the term basal-cell (;arciiiomu. These tumours are, however, 
usually heavily pigmented. The tumours in question liave as a 
favourite site the periiieuni. Those who favour the development of 
Imsal-cell carcinoma from sebaceous epitlielium will doubtless welcome 
these facts. They are certainly most signifi(‘ant, but one would j)rofer 
to ri'serve at })reseiit one’s judgment of the three questions; (1) the 
liisto^eiiesis of true basal-(*ell carcinoma; (2) the relation between 
the goat tumour whicdi Thomas lias (allied liusal-cell carcimuna and 
(^/) tile true basa]-(*olI tumours, e.g. of man and dog, and (In pre¬ 
viously known melanotic lu^oplasms; the correct place in the 
classifii'atory sclieme of iiou-ac^anthomatous cjiitheliomas of tlie goat 
(eaprine melanocarcinoina, basocellular (‘pithelioma of Thomas). 
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Tumours of Epithelium (Coiit<l.) : Adenoma and Carcinoma. 


Adenoma. 

tiniiours ot ^duDdular epitlieliiim are not coinuioii in 
(lomestiealed animals, if Me except ihe thyroid adenomata 
ifoflosae) M'liich are so often eneoiiniered in old horses, lint a number 
of lesions are often termed adenomata M'hitdi are better classified in 
a different manner. These lesions iricdnde so-'(‘alled adenomas and 
“ malignant adenojinis of the liver of oxen nearly' all of M’hieli 
are really can'inomas, renal adenomata whicdi are usnall.\ nothinj*' 



Kia. 35,—Adenomatoid hyperplasia of Brunner’s glands in the small intestine of the sheep : 

Groatlv thickened submucosa due to a diffuse and partly cystic glandular prolifera¬ 
tion affecting the whole circumference of the bowel. (43.3:i; 100 x.) 
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but eiubryoual iiephroinas in which an adenomatoid type of f^rowth 
predominates, adenomas ” of adrenal cortical tissue which should 
rather be termed benign hypernephromas (yg-v.), and “ sebaceous 
adenomas (which have been considered with the epitheliomas jn 
the preceding <‘hapter). In addition there are adenomatoid hyper¬ 
plasias siudi as are found in the thyroid, liver, and intestine 
(Briiimer's glands in the sheep—see Fig. 35) which not infreqiiently 
are unsuitably termed adenomas. Some of these lesions will be 
mentioned elsewhere. 



Fio. 36.—Structure of mjiltiple adenoma of the pancreaB in the bovine; Encapsulation 
against the normal pancreatio tissue (below); from centre to above runs a tr abccula 
of the stroma separating two lobules of the neoplastic tissue consisting of acini of 
colls which do not differ from the normal except for their somewhat lar ger size. 
(2162; 240 X.) 


Of lesions, to which tlie application of the term adenoma is 
without serious objection, the Onderstepoort collection contains only 
13 examples. Six of these are thyroid adenomas {strnmae nodosae) 
of horses, two are hepatocellular adenomas associated with adeiio* 
matoid hyperplasia of the liver of pigs, and one is an hepatocellular 
adenoma of the liver of an ox. These are dealt with in Chapter IV. 
The remaining 4 cases comprise an example each of multiple adenoma 
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of the pancreas—Fig. 30 (bovine, 2162), adenoma of the kidney (^) 
(bovine, 5()34), adenoma of the testicle (benign “ seminoma ’’— 
canine, 5820), and lastly an adenoma of the male breast—the only 
adenoma which it is necessary to report here in detail. Such tumours 
are considered rare in human pathology and I can find no record of 
their occurence in domestic mammals. 



Fh3.37. —AtJiiwnm fihroAmnC^ fibroadenoma ”) of the male breast in the* dog. (J6149 ; 70x). 

{Canine, 10249.) 

The tumour was situated in the abdominal wall of a male fox 
terrier, ])rodiicing a prominent, ovoid or short-cylindrical protube¬ 
rance beneath the tense and hairless skin. It was placed on the 
right side, 2 inches cranial to the penis and slightly lateral to the 
umbilicus, corresponding in position to the abdominal mamma; and 
indeed it was symmetrical with an abdominal nipple of the opposite 
side. It was removed by operation, being, on account of its good 
circumscription, easily dissected out, and there w^as no recurrence 
after 0 months. On section the specimen has a firm consistence and 
is pinkish white in colour. It measures 4x2*5 cm. 

Micros(‘opically (Fig. 37) the tumour is not specially encapsu¬ 
lated but is well demarcated from the overlying enfis rera. It con¬ 
sists of a rich and in many parts quite cellular connective-tissue 

(*) This lesion could not be classed with the enihrvonal nephromata because 
only the adenomatous moiety was demonstrable. One feels, however, that 
such tumours may represent extreme one-sided development of embryonal 
nephroma, charncterised by a slow and benign type of growth. 
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stiomu in which are embedded, ui intervals, slightly branched and 
usually narrow tubules lined by epithelial cells. The latter are 
somewhat variable; in most cases they are very tall (e.g. 45/x) 
columnar elements arranged in a single layer and wdth well-preserved 
polarity. Their elongate-oval nuclei are situated towards the distal 
pole of tJje cell. In such cases the lumen is a narrow slit. One 
can also usually speak of the presence of a basement membrane. Less 
often the epithelials are cuboidai or even flattened and the liiminu 
correspondingly more prominent. Sometimes there is thickening of 
the acinar w^alls into several layers of cells wdiich may be more 
irregularly arranged, and small, almost solid alveoli of cells borcleiecl 
by no distinct basemeui membrane may thus arise. The nucleoli 
are usually single and distinct, the n : N ratio reaching aa. 1 .* 14. 
The luinina contain a somewhat granular eosinoi^hilic maierial with 
a few desquamated cells. Mitoses are fairly frequent. 

Ifi^niarJa .—Histologically this tumour corresponds to the 
fibroadenoma perirnnaliculare of human patlmlogy. Schultz-Braiius 
includes such tumours under simple neoplasms {adenoma 
fibmaum or “ Aderunn toui Ban dcr Tulievden Brustdnlsc 
One of such tumours is Ewing’s foetal fibroadenoma, with which this 
neoplasm seems to have most in common. The embryonal character 
(»f the tumour cells in this case is impressive; one cannot, however, 
ilemonstrate transitions to fibrobiast-like cells as in Ihe (‘ase of many 
othej* (mixed) neoplasms of the dog's breast or in embryonal 
nephromas. It is interesting that in man tumours of the male breast 
also usually possess this structure, 

IBnfpiosis ,—Adenoma fibrosum of the male breast, piobahly an 
embryonal tumour {*' foetal fibroadenoma "). 

CareinoitMi. 

Under this category we include malignant epitheliomas, whic h 
have been discussed earlier, and the malignant tumours of epithelial 
cells of othei* types. Jii arraiigLig the Oiiderstepoort collection the' 
number of ciases to be ineduded irt this diagnosis was greatly reduced 
by the elimination of the following tumours from this heading: 
thymoma thymic carcinoma ”), mesothelioma (primary carci¬ 
noma ” of serous membranes), and mixed tumours (such as those 
frequently occipring in the breast of the dog and the embryonal 
nephromas) which possess a carcinomatous moiety. It is (jonsequently 
not possible to compare with accuracy our figures for carcinoma witli 
those given by many aaithors whose conception of wdiai should })e 
included under carcinoma does not depend on strict histological or 
histogenetic definitions. Under the carcinomas we have included 
also the tumours ('.ommonly termed adenocarcinomas and for the 
foliowdn g rea son s: — 

The term adenociarednoma is a most unfortunate one, since the 
compound names of oncological nomenclature have been ancl should 
be reserved to denote mixed tumours. That the use of such a term 
to describe also a simple tumour may confuse not only the elementary 

(2) In contradistinction to A, purum or “ Adenom vom Ban der sezer- 
nieronden Brustdruse 
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student but also the qualified pathologist is evident from the state¬ 
ment frequently encountered in textbc»oks that adenocarcinoma is a 
mixture of adenoma and carcinoma (thus is put on a par with, foi 
example, a tumour like leiomyoadenoina), Tlie keynote of the defi¬ 
nition of both adenoirui and carcinoma being their respective benign 
and nmlignant behaviour, it is manifestly absurd to postulate the 
possibility of a mixture: it amounts, in effect, to the pathologist’s 
answering, \vhen asked the question, Is this epithelial tumour 
benign or malignant? ”, that it is both. I need not labour further 
ihe need that what many attemjit to describe as adenocarcinoma, 
should far more properly be termed, with liorst, adenoid carcinojiia, 
or with V. Hausemaiiu (1910), “ Krebs tjvnnger Anaplasie Both 
these terms, especially the latter, expiess with great cdarity the idea 
that the term adenocarcinoma attenqits to convey, viz. a carcinoma, 
a malignant tumour, characterised histologically by a limited depar¬ 
ture from the normal structure, in other words, by a inaiked resem¬ 
blance to adenoid tissue, or, still more concisely, by limited 
anaplasia. 

Se<*ondly, I have found it quite impossil)le to carry out an 
intelligent histological (lassification of malignant epithelial tumours 
of dojiiestic animals it adenoid and other carcinomas are to be kept 
ill se])ara1e categories. xSot only is it apparent that, among different 
tumours, between “ tjeriHgv Anaphtsie ” and “ sterlste Avaplasic 
all intergrades (r/V/c v. llauseinann's slerkcre Anajilastc exist: 
but, turthei*, in one uJid the same tumour may he found fre(jucnt 
Iransitions from an adenoid to a frankly anaplastic type of growtli. 
This is ex(*ellently illustrated by glandular candnoinas in the fowl, 
in which, as Ihuitimalli (191(») has described, all transitions between 
the arrangements commoiilj" described as sidrrhous, medullary, and 
adeno-carcinoma may be fouinl in (the metastases of) one and the 
same tumour. 1 am aware that I go against tlie majority of Kuglish 
authors in this attitude, yet ” adenocarcinoma ” is always discussed 
ill texts under caicinonia; it is not the conce])tion implied by the 
use of the tcun that 1 object to, but simpK the construction of the 
term itself. 

(hrun filer. —The ()n deist epoort collection contains 217 malig¬ 
nant tumours of ejiithelium (carcinomas) of which 104 epitheliomas 
liave already been dealt with and of which 21 belong to the melanotic 
epitheliomas mentioned in (-hapter VTTI. The remaining 92 neo- 
lilusins aic carcinomas in the iiarrou sense and are distributed among 
the species as follows:—Equiues, o; bovines, 22: ovines, 11; canines, 
7: poultiy 4’); species unknown, 2. 

These figures will at first seem surjuising on acTount of the 
relative fre(|uency of carcinoma (in the narrower sense) in oxen and 
sheep as compared with the dog. Carcinoma, apart from ejiithelioma 
of the skin, is considered a rare disease in sheep, and it is most 
unusual for a single observer to encounter as many as 11 cases. The 
low figure for carcinoma of the dog is doubtless mainly referable to 
my having relegated all the malignant tumours of the mammary 
gfand in this species to the category of mixed neoplasms, since in 
all cases a mesodermal or sarcomatous moiety was demonstrable in 
addition to the epithelial. The high incidence of carcinoma in the 
domestic fowl is well known: it is second in frequency only to 
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lympliocytoina (lymphoiM leucosis). Poultry show an overwhelming 
preimnderanre of (glandular) carcinomas over epitheliomas, which 
constitute only about (> per cent, of the malignant epithelial tumours; 
in contrast with the domestic mammals in this country, for which 
the eoriesponding ratio is 78 per cent. Carcinomas of the domestic 
fowl will therefore be considered first on account of their importance. 

Carcinoma in Poultry. 

In poultry, 45 glandular carcinomas were encountered, including 
one case in a turkey. Of those cases in which the site of the primary 
tumours was known, the great majority (21) affected the female re¬ 
productive tract (ovary or oviduct), while only 3 cases of carcinoma 
of other organs were found. In a very large proportion of cases only 
secumdary lesions (almost always peritoneal implantations) were sub¬ 
mitted for examination and it is doubtless correct to assume that in 
all these the primary tumour was situated in the reproductive organs. 
The only carcinomas, apart from those of the ovary and oviduct, were 
one case each in the pharynx, the liver, and the intestine. The liver 
carcinoma (6\ hepatooelhdare) is described in Chapter IV. The 
j)liaryngeal carcinoma {C. leioniyomatosnm) is more conveniently 
referred to after a discussion of leiomyomatose carcinomas of the 
fowl in general. 


(!) Carcinoma of the Intestine, 

A considerable misctonception exists regarding the frequency and 
iinportan(*e of this lesion in the fowl. It is true that there are 
authentic reports of the disease in question—Ehrenreich and 
Michaelis (J90{)), Ehrenreich (1907), Petit and Germain (1909), Joest 
and Ernesti (1910)—and it is probable indeed that primary carcinoma 
of the bowel is more frequent, in fowls than in domestic, mammals, in 
which this disease may be considered rare. But there have been 
many reports—and even some of the textbooks are guilty of this 
error—of cases of “ carcinoma of the intestine ’’ which were nothing 
more than transcoelomic implantations on the mesentery and bowel- 
serosa from a primary tumour el8e\\^iere. It is surprising that even 
so great an authority as Feldman (1932) has apparently been un¬ 
critical in regard to this question, making the statement (on p. 312 
of his work) that “ adenocarcinoma of the intestine is comnjon ” 
and referring to his Fig. 148 as an example. The illustration in 
question, labelled ‘‘ adenocarcinoma of the mesentery of a chicken 
is as tyx)ical a case of secondary peritoneal carcinosis as one could 
wish to see, there being hf)t the slightest indication of a primary 
involvement of the bowel; one could safely predict that a microscopic 
examination of the specimen photographed would show little if any 
extension into the bowel beyond the subserosa and that the tumour 
nodules would nowhere reach anywhere near the intestinal mucosa. 
I cannot believe that Feldman really regards this as a primary tumour 
of the intestine, yet it is equally hard to credit so meticulous a worker 
with the looseness of nomenclature which the alternative injplies. 
Consequently Feldman’s figures for the organ distribution of car¬ 
cinoma in birds investigated by him are misleading; he found no 
fewer than 6 out of 15 carcinomas of the chicken to be of the type 
referred to, and only 5 cases affecting the female reproductive tract. 
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On the other hand, it appears that only the case in which “ an 
adenocarc inoma of the mucosa of the ileo-cecal juncture . . . occu¬ 
pied about half the circumference of the lumen. Metastasis had not 
occurred ’’ is worthy of consideration as a primary intestinal tuniour. 
Feldman’s tipiires would thus read: carcinoma of the female ^^enital 
tract, o cases; secondary peritoneal carcinosis (in most, if not all, 
cases secondary to a. primary of the p:enital orphans), 5 cases; carci¬ 
noma of the intestine, 1 case; thus agTeeinp- closely with what we 



Fio. 38.—Structure of primary carcinoma of the intestine of the fowl; A steuosing tumour 
with scirrhous type of growth. (14952; 110 x .) 

ourselves have found to be tlie case. It is evident then, that a satis¬ 
factory repoj't of primary carcinoma of the avian bowel should fulfil 
at least one of the followinf? criteria:— (a) Genital tract nejrative, 
after minute scrutiny at autopsy; (h) demonstration of actual con¬ 
tinuity wuth intestinal epithelium, or that the tumour affects essen¬ 
tially the mucosa with extension into muscularis, not the serosa with 
extension into muscularis; (c) a solitary lesion of the bowel without 
(other) metastases; or if metastases present, clearly of a “ younprer 
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j^eneratioii (‘‘) than the tumour considered as primary. In a word, 
secondaiy serosal carcinosis of the bowel is so very frequent in birds 
that Ihere is an onus on anyone reporting a primary lesion adequately 
to exchule this possibility and not merely to disregard it, as is so 
often done. 



Fkj. 30.—Intestinal stenosis in the fowl produced by an implantation tumour situated about 
an inch po.sterior to’the pylorus : The point of stenosis is seen at the left of the lower 
figure : cranial to this are the greatly dilated bowel, gizzard, and glandular stomec'i 
(right). Above, the primary tumour (Carcinoma leiomyomatosum) affects the 
ovary. (15S14 ; 2,o X.) Scale in inches (above) and centimetres (below). 

True primary carcinoma of the bowel of the fowl is usually an 
ulcerating, stenosing luiuour, often growing in scirrhous form 
(Fig. 38) and although it^niay penetrate the serosa, and give rise to 
secondary peritoneal implantations, it usually (and earlier) causes 
true (hlood-horne) secondaries in the liver; while secondary im¬ 
plantations of carcinoma on the bowel serosa are in their earliest 
stages confined to the subserosa, w^here they are multiple and 
numerous, linter they penetrate the muscularis. They seldom pro¬ 
gress further than to the outer aspect of the inner (circular) layer 
of the muscularis. Occasionally, ho\rever, that layer may to some 
extent be invaded. Rarely there is complete penetration of both 


(^) By this I am attempting to indicate that the metastases should be 
smaller in size, esBentially lesions of the serosa, and not ulcerating, stenosing 
lesions of mucosa and muscularis. 
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muscular coats, but 1 have never seen invasion of the mucosa, 
although 1 have observed a commencing penetration of the sub- 
mucosa. A solitary, penetrating transcoelomic bowel implantation 
(Fig. 39) must on no account be confused wdth a primary of the 
bowel. Thus there are definite (‘riteria to be applied in distinguisli- 
ing between ]»rimary and secondary carcinoma of the bow’el and the 
confusion would apjiear to be due largely to a mere looseness in the 
application of nomenclature. 

(2) C/i/civontu of fht Female Geniinlia, 

Of 21 primary carcinomas of the female genital organs 17 were 
primary in the t)vavy and 4 were primary in the oviduct. Included 
with these cases aie 4 cases of eareinoma leiomjjoinatositm of the 
oviduct or ovary—tiunours which behave identically w’ith the pine 
candnoinas, but which some would group under the mixed neoplasms. 
Their histology is identical with that of the carcinomas, save that 
where in ])nre carcinoma one expects to find a (‘onnective-tissue 
stroma, this is largely or even completely replaced by smooth muscle 
ill the tumours in question. The dilemma confronting one when wish¬ 
ing to classify these tumours is further referred to in connection 
with the mixed tumours, where the growths u\ question are 
discussed. 

The ])uthology and liistupathology of ovarian and oviducal car¬ 
cinoma of tlie fo\Al are well known and we do not here intend to give 
a detailed description of the lesions. Suffice it to say that ovarian 
carcinoma occurs usually as a much lobulated growth, in conformity 
with the lobular strmdure of the organ that it infiltrates; and 
oviducal carcinoma as an ulcerating, stenosing growth oiiginating 
from the mucosa, infiltrating the muscular walls, and finally pene¬ 
trating tlie serosa. The growths may npjiear identical in histopatlu)- 
logy from whichever (U'gan they originate and further they agree in 
giving rise early to multiple and often very widespread transcoelomic 
implantations and in having little or no tendency to form true meta- 
stuMes. which I have never observed in this disease, although Petit 
(c/7, doest) re])orted hepatic and renal metastases from ])rimary car¬ 
cinoma of tlie oviduct, iristologically, ive have found that both 
types of tnmours consist, as doest has indicated for the ovarian 
tumours, “ a us Dn'lsenschlauclten mil krebsisrhem Epifhel uud cn- 
fjem Lumen, tins uueh met Epithel vollsfuudiij gefullt seiu^ knuu, odei- 
uber das HIasi(fm/jnveuehi/m selz sleh aus zahlreieheu, sol idea 
EpIfhedzeJInesteru zusam)ihen, oder Sclilauche uud Xesfer inehseln 
miteinander ab. Das hiudef/eirebifjc Sfaizr/eriist duiehzicht die 
(reschwvlsi in Bandevn und> Streifen and knun eosiuophilc /.euko- 
zi/fen euthalten 

What Joest does not mention, and what appears to have e^caped 
notie^e (*), is that in a considerable projiortion (4 out of 21 (‘ases of 
primary epithelial tumours of the genital tract) this connective- 
tissue stroma is entirely or completely substituted by smooth 


{^) Joest and Ernesti (191(5) have however reported two easels of adeno- 
inyoma one affecting the bowel and considered primary, tho other being 
multiple lesions of the oviduct. Those tumours had not been iireviously 
report^ and the authors did not take into account the possibility that they 
might have been secondary. 
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imisfle tissue. I have devoted considerable thought to the question 
of whether suc*h tumours should be grouped with the mixed neoplasms 
or not, and while it seems that there are weighty arguments both in 
favour of following that procedure and in favour of not doing so, 
it is advisable for practical purposes to discuss the tumours in ques¬ 
tion along with the pure carcinomas. The problem is dealt with 
again under the discussion of mixed neoplasms, but I may here 
mention the considerations which have received attention in this 
connection: — 

1. There is considerable variance of opinion regarding the extent 
to which the stroma (using that term in its widest sense) of a tumour 
should have to be developed before the term “ mixed is applied 
to ilie tumour tissue. The difiSciilty o(‘.curs, for example, wdth papil¬ 
lomas, which by some are considered to be mixed tumours (fibro- 
epithelionias) especially when the connective tissue “ stroma’’ is 
strcmgly developed. It is quite customary to label many tumours 
(d the uterus leiomyofibromas on account of the prominence of the 
collagenous connective tissue. Yet a satisfactory (‘ase for the oon- 
ception that the fibrous moiety, as well as the adenomatous or the 
leiomyomatous moiety, is neoplastic is often not made out. Others 
(e.g. Borst) tend rather to regard the development of fibrous tissue 
as a secondary process called up by the presence of the growing 
‘‘ parenchymatous ’’ moiety and consider it as nothing more than 
an excessively developed stroma; such an attitude is indicated by 
the use of the terms adenoma fihroides, leiomyoma jihronnm^, etc.; 
and to distinguish such tumours from genuine mixed tumours such 
terminology is most useful and simxdifies the subject considerably, 

2. Accepting for the moment that this conception is correct, 
should we not deal in the .same way with the ‘‘ stromal ’’ or support¬ 
ing moiety of a tumour, whatever the nature of that moiety may be? 
If, in other words, a tumour whose supporting moiety is excessively 
developed and is of the nature of connective tissue is to be described 
by the qualifying term “ fibrosuni ’’ and not as a mixed tumour, 
should we not do exactly the same wi|h a tiiinour whose supporting 
moiety is not connective tissue but smooth muscle tissue? If we hear 
the objection that smooth muscle tissue is not even suitably to be 
described by the term stroma, we point in refutation to an organ such 
as the ovary, in w^hich the tissue w’hich exercisevS exactly the same 
supporting fiinction as is usually performed by connective tisstie is 
well known to be by no means of connective tissue nature, but rather 
of smooth muscle type, or at least of a mixture of or transition 
between the two. Yet here fre would not hesitate to*speak of the 
tissue in question as a stroma for the epithelial elements. This 
objection would not, then, appear to be a serious one. 

It is worth attention that it is in the tumours of the very 
organ (ovary) which has been used to illustrate this argument and 
whose stroma is of the peculiar natxire mentioned that smooth muscle 
tissue comes to constitute such a prominent feature, in other words, 
reflecting the normal histology of the organ. The phenomenon is 
however not confined to the ovary itself but is also seen in tumours of 
the oviduct and oviducal ligament in avians and in tumours of the 
uterus and broad ligament of mammals. Thus in both ovary and 
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oviduct of the bird we find tumours of epithelium supported by 
smooth muscle (leiomyocarciiioma, or adopting the nomenclature 
suggested, adenovnrcinoina leirnyomafosum) ; while pure leiomyomas 
(as well as leiomyoma Jiaemangiomatmuvi) occur frequently in the 
oviduct and oviducal ligament and leiomyoma jihrosum. (Fig. 152) 
occurs in the ovary; and in the mammal the occurence of myofi¬ 
broma (i.e. leiomyoma fibroniatosum —the common “ fibroid is 
equally well known in the uterus and broad ligament. It thus appears 
that the female reproductive organs, whether avian or mammalian, 
ai*e considerably predisposed to the proliferation of smooth muscle, 
whether as a himple tumour, whether as one moiety of a mixed 
tumour, or whether as a stroma-like element of what are more 
practicably to be regarded as simple tumours. The role of the normal 
smooth muscle element in the ovary, however, still remains much of 
a mystery in histology, there being no final agreement as to the exact 
nature of the ovarian stroma: whether a mixture of plain muscle and 
fibrocytes, whether cells actually intermediate between plain muscle 
cells and fibrocytes are (*oncerned, or w’hetlier we are to regard the 
elements in question as modified fibrocytes or modified smooth muscle 
cells. In this uncertain state of our attitude it is obviously unw*ise to 
come to any hasty conclusions regarding the further problems which 
confront us in the neoplastic*. It seems likely, however, that the 
problems of both the normal and the neoplastic, outlined above, are 
tdosely linked; and that the histologist wdio is interested in the 
nature of the ovarian stroma <*ould profitably extend his observations 
to the neoplastic, where he wdll encounter not dissimilar difficulties in 
an exaggerated form. r 

4. Whichever attitude we adopt regarding the simple or mixed 

nature of the myo-epithelial neoplasms of the fowd, difliculties are 
encountered in carrying through our classification consistently. 
Thus, if we decide to name those tumours in w^hich the epithelium is 
dispersed in a very large amount of smooth muscle (w hich has just as 
neoplastic an appearance as the same tissue in the pure leiomyomas of 
the bird) we are at once (confronted with the dilemma of a graded 
series of tumours in which the smooth muscular moiety gradually 
diminishes, until finally it becomes unrecognisable except by the 
employment of special fibrillar stains; and in which its presence 
would undoubtedly be overlooked on ordinary histological examina¬ 
tion by the unsuspicious. x\nd I have, indeed, little doubt that in 
many of the reported cases of reproductive tract “ adenocarcinoma ’’ 
ot the bird, this muscular moiety has been present but has not been 
noticed by the observers. If, on the other hand, w’^e boldly call such 
tumours carcinoma leiomyomatosvm, we have to face an equally 
serious difiieulty presented by the gradation (Fig. 44) to tumours in 
which, now, the epithelial moiety be(»omes more and more incon- 
spicious, so that, for example in (implantation) secondaries, it may 
actually not be possible to demonstrate its presence (Fig. 45): How 
can we call such a tumour “ carcinoma How% indeed, call such a 

secondary anjdhing but leiomyoma the purely histological 

definition of which it completely fulfills? 

5. Most important in this consideration is the observation that 
the mechanism of transcoelomic metastasis of tumours of the avian 
genitalia, whether the pure carcinomas or the leiomyomatous 
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carcinomas are eon(‘erned, is constani; i.e. in both rases it appears 
that the seeds responsible for the appearance of secondaries are 
epithelial (‘ells alone. This means, in respect of the mixed ’’ 
variety of tumours, that the proliferation of smooth muscle is a 
secornlary effect set up by the presence of the epithelial (*ells wherever 
ihey happen to fall on a spot where pre-existin^*- smoofh muscle is 
available. It is most fortunate that we ha'se been able to show that 
this is the case, and our evidence, which we think may claim to be 
regarded ns satisfactory, has a tliree-fold basis: — 

(i) demonsiiation that in the earliest metaslases smooth 

muscle proliferation has not yet started; 

(ii) demonstration of continuity between Ibe proliferaliUK 

stromal (myomatous) moiety and pre-exist in jt? muscle; 

(iii) observatioji that in sites where smooth muscle is absent 
or not readily available the myomabuis moiety fails to 
apjiear; the secondaries, e.g. in the liver and in the 
mesentery, growing as pure (‘arcinoma with ordinary 
fibrous stroma. 

It is this demonstration of the esvsenlially secondary nature of the 
muM ular moiety which prompts us to declare in favour of regarding 
the tumours in question as related to simple mmplasms rather than 
to mixed neoplasms and to enqiloy for them the term carcinoma 
Iciomyosuui or (!, leiomyomaiomm. In arriving at this conclusicm 
we have also been influeiu'ed by the fact that ovarian epithelium 
normally requires a peculiar stroma for its supiMirl, which has much 
of the inytu’d in its nature, and it is possible that the appearance 
of a muscular moiety for the support of neojilastic epithelium ot 
genital derivation is naturally related to this phenomenon. The 
difficulty still remains of dealing noinenclaturally with lesions in 
wdiicli the muscle element greatly preponderates over the epithelial 
(Fig. 44) and with secondaries in which the epithelial moiety may 
actually be undemonstrable, apimiently Owing to regression (Fig. 
45). The first difficulty* neecl not be'considered serious, and the term 
carcinoma 1 eiomyomatosum is applicable to such lesions, on exactly 
the same basis whereon a carcinoma in w’hich excessive development 
of the stroma renders the tumour alveoli inconspicuous is termed a 
stdrrhoiis carcinoma (carcinoma fihrosvm). In the second case, it 
epithelium is actually absent, the difficulty is perhaps a more serious, 
although ])robal)ly a more academic one. Yet a scirrhous tumour in 
w’hi(‘h the stroma had “ strangulated ’’ the tumour cells would still 
be called a carcinoma and only mistakenly (I presume) a fibroma. 
It may, however, be urged that a tumour arising from and consisting 
of j)lain muscle must be called a leiomyoma, even though its develo]»- 
luent was due to proliferation of muscle (‘ells'to provide a stroma for 
neoplastic epithelium w’hich has been derived from an existing 
primary tumour. Be that as it may, the term leiomyoma for such a 
se(?ondary would be utterly misleading and o*nly the term secondary 
carcinoma leiomyomatosnm (with complete regression of the 
epithelial moiety) coukl give an accurate representation of the 
pathology and pathogenesis of the lesion. And ii may be noted in 
comdiision, as will be seen fpm the protocols, that this process of 
strangulation ” of the carcinomatous elements api»ears often to be 

96 



CAHGIKOMA IN POOLTKY. 


most effectively achieved by the smooth muscle, which is probably to 
be reffarded as haviiic? an equal, if not indeed a considerably greater 
facility in this direction than has connective tissue. 

A second liroblein, which is even more interesting than that just 
discussed, has arisen in the study of the material in the Onderstepoort 
collection. It involves ihe vexed questions of: (a) What constitutes 
continuity as opposed to a mere invasive approximation (contiguity) 
of neoplastic* and normal tissue? (6) What deductions regarding 
histogenesis may be inferred from the fact of <ontinuity of a 
neoplastic with a “normal’’ tissue.^ and (c) the possibility of 
growth of cancer “ by conversion 1 may now describe a case 
which directly illustrates these fundamental problems and which at 
the same time serves to make us familiar with those genital tract 
(carcinomas of the bird which are characterised by the leiomyomatous 
' nature of their stroma : — 

(Fo,rl, 15018.) 

The subject was a White Leghorn hen aged 2 years and 8 months 
Avhich had been under observation by my colleague Mr. I). (Joles('*) 
for a period of 8 months. The history is that in August, 1933, 
abdominal malignancy was suspected on account of ascites. In 
Septeinlier, at exploratory laporotomy, numerous implantation 
tumours were observed on the intestinal serosa. The peritoneal 
cavity having been evacuated of the ascitic fluid and the bird having 
recovered uneventfully from the operation, it was submiited to an 
exiierimenial treatmeni for can(*er which need not concern us here. 
Subseciuently there was recurrem'e of the ascites, and on <wo further 
o(.*casions the abdomen was drained of some oOO cc. of fluid. The 
last tapping was peiformed on 4tli November, 1933. Afterwards the 
bird remained in apjiarenily good health until abo\it Ajiril, 1934, 
when the abdomen again became enlarged. On 7th May, 1934, the 
bird was seen by me and was of lively habitus, although the condition 
was ])Oor and the “ keel ” prominent. The abdomen was moderately 
enlarged and fluctuating. On exploratory laparotomy (again per¬ 
formed by Mr. Coles), several hundred cc. of (dear y(dlowish fluid 
were drained. On atteiniding to hiing the bowels into view through 
the incision, this was found to be impossible, their coils being firmly 
adherent one to another and resisting all reasonable efforts at 
separation by traction. The only thing that could be withdrawn from 
the abdomen besides the fluid was a large yolk concremeut lying free 
ill the peritoneal cavity. The bird was there upon destroyed and the* 
relevant vivseera handed to me for autopsy examination: — 

Macroscojiically, the intestines are closely matted together by a 
conspicuous diffuse thi(‘kening of the mesentery, which in some places 
reaches a thi(dvness of 4 mm. Especially the caeca and that portion 
of the ileum lying between them are affected, and are encased in a 
common mass of thickened vis(3eral serosa, appearing externally as a 
single solid sausage-shaped structure in which the three lumina are 
detecte(i only on (TOss section (Fig. 40). This thickening is of the 
nature of a pinkish-white, firm, elastic tissue in which small centres 

(») Who generously gave me permission and all facilities to undertake an 
investigation of the patholog.v. 


A 
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Fiq 40 —^Masaive and diffuse thickening of the walls of the small intestine and caeca from a 
tranacoelomiG implantation of C4Ucinoma loiomyomatosum (piimaryin the oviduct) 
of a hen. (16018, 6.6 X.) 
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of a whiter colour can be seen. The surface here bears a number of 
prominent fibrous tags forming a fringe on tlie serosa; and in many 
parls the serosa, inslead of being glistening, has a dull, opaque, 
yellowish ajipearance, somewhat resembling u mucous membrane. 
The rest of thebouel shows multiple, scattered, whitish foci situated 
subserously, causing elevations of the serosa and appearing to 
infiltrate to a variahle e:jwtont the wall of ihe organ, although never 
(to the naked eye) so far as the mucosa. These are somewhat ill- 
defined and are often merged into more diffuse thickenings of the 
serosa; on section they also are seen to contain small and sharply 
delimited white specks. The ovary, especially to the one side, shows 
a jiartial replacemeni of its substance by firmer, whilish, neoplastic 
tissue which binds the ova together into a mass of firm consistence. 
The krgest tumour occurs in the wall of the oviduct, forming a mass 
the size of a walnut (ca. 2*5 cm. in diameter); and in this region the 
ligament of the oviduct also is diffusely thickened, as well as bearing 
multiple discrete nodules which extend into the ovary to form the 
alterations there described. The liver is of a lighter yellow' colour 
than normal and is friable; innumerable pin-jmint to pin-head sized 
yellowish-while foci are piesent; they are no< confined to the 
capsular region, where they form small, flattened, circular elevations 
of the serosa and extend a short distance into the underlying 
j)urem*hyma, but also occui thioughout the suljstance of the organ, 
where they are, huwevet, less prominent because they differ so 
slightly in eolour trom the lest of the liver tissue. Two of the liver 
foci arc of larger size, one being oval and measuring 3 by 2 mm, 
the other s])herieal, 4 unn. in diameter, situated superficially, but 
extending into the (leejjer liver tisMie and "W'ell cinmmscribed, 
although uneii<*apsulate(L The remaining organs show* no significant 
change. 

MicroMopicallfi ,—The oviduct is sectioned at the caudal portion 
ot the funnel region (transition to albuinen-secreding portion) W'here 
tubular glands lie not closely packed in the tunica propria. In these 
glands mitotic cells are frequent (i.e. about 1 per field giving a view 
ot some 8 transect ions of the acini). The neoplastic tissue (Fig. 41) 
seen to grow diffusely in the w’all of the oviduct, infiltrating as far 
inwards as the inner connective-tissue layer, and in most jmrts it 
does not invade the nnicosa. It consists of u prominent ‘‘ stroma 
w'hich is composed predominantly of smooth muscle cells arranged in 
broad strands and continuous with both layers of the muscular coat 
of the du(‘t. In many places the stroma consists solely of such muscle 
tissue, while in other ])arts there is a variable admixture of collagenous 
c(Uinective tissue. This inegular, anastomosing system of muscular 
bundles, whi<‘h in many parts a(tuall\ dominates the whole picture, 
encloses ei^ithelial cell-islands wdiich arc extremely variable in size 
and which are divided into units (appearing as branching tubules) 
by a system of fine to coarse scc*oiidary trabeculae composed usually 
of connective tissue but in parts consisting of finer bundles of smooth 
muscle fibres. The tubules have narrow lumina, often almost 
obliterated by the lining cells; the latter are of glandular epithelial 
type, having basal (proximal), ovoid nuclei and a large amount of 
cytoplasm packed with brightly retractile acidophilic granules 
(shown up still better by the van Gieson stain, with which they 
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Fig. 4L—Carcinoma ieiomyomatosum of the oviduct of a hen (same subject as 40): 

Tlie epithelial moiety is seen to become associated with a progressive increase 
of the muscular stroma as it grows outwahi from the mucosa through the muscularis 
of the duct. 140 x.) 
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assume a bright yellow colour). The lumina contain a similarly 
staining hyaline secretion which may compress the lining cells from 
a columnar to a cuboidal or even flattened form. The granules can be 
seen in the process of discdmrge to join the free secretion. In parts, 
lunmia and secretory granules fail, or are less in evidence, and more 
solid strands of epithelium are formed. Mitoses are (as compared 
with the non-neoplastic glands of the mucosa) more frequent, 1 to 2 
per field, and in parts as many as 0 to 7 were counted. There is but 
moderate variation in nuclear size. There are usually two (but often 
three or only one) nucleoli which, relatively to the nuclei (themselves 
two to three times the .size of the nuclei of the normal glands of the 
propria) are not enlarged. Many nuclei show hyperchronmtosis. In 
transverse sections of the oviduct, the neoplasm has a crescentic out¬ 
line, growing iiitramurally; between the horns of the crescent about 
one-fourth of the tdrcinnference of the duct remains iininvaded. The 
secretory granulation is in all res]iects identic^al with that of the non- 
iieoplastic glands of the propria vmrosae. The muscular stroma can 
be distinguished eyfologtcally from the normal muscle by a slightly 
greater nuclear size, absence of slight irregularities (wTinkling) of 
the nuclear membrane (giving a plumper appearance to the nuclei) 
and still more by the greater prominence of the nucleoli. Sections 
from other jmrts of the oviduct show small tumour nodules localised 
to the subserosa and in which the epithelium shows greater anaplasia. 
Soine of these tumours pass between the walls of the bowel and the 
oviduct, binding the two tubes closely together. 

Sections of the ovary show the presence of a diffuse neoplastic 
gj'owth, branching from lobule to lobule of the <'Orgaii to form 
])edunculate<l, rounded masses usually limited by the serosa but not 
otherwise en<*ai)sulated, growing round tlie Graafian follicles without, 
invading them, but breaking through the lymjihatic endothelium 
(as papillary protrusions) so that free neoplastic cells are to be found 
in the lumina of the lymph-vessels. Further, the lymphatic 
endothelium itself is often seen to proliferate as elongated papillary 
projections into the lumina (collateral hyperplasia). In one section, 
penetration of the serosa was observed. 1'he stroma is smaller in 
amount than in the oviducal tumour, but is here again a mixture of 
smooth-muscle-like elements and connective tissue, and is continuous 
with the (»varian stroma. In jilaces, indeed, it apjiears that a 
specialised stroma is la<'king, the epithelial cells growing in the 
normal (?) ovarian stroma without other support. Anaplastic 
changes in the neoplastic epithelium are here more marked than in 
the case of the tumour of the oviduct. The e})itheliuiu houever is 
still arranged in tubules and has secrett)ry function; but polarity of 
the cells is less well preserved, there being islands of cells lying in 
various directions, sometimes arranged com^enirically. There is 
greater variation in nuclear size, some nuclei being twice the average 
size, and hyperchroinatosis is i)ronounced. In many i)laces theie is 
not only absence of a Imsejnent membrane, but the whole boundary 
between epithelial alveolus and cellular stroma is exceedingly vague, 
especially since elongated epitlielials occur with spindle- or cigar¬ 
shaped nuclei which can only be distinguished from the contiguous 
muscle cells of the stroma hy the detailed structure of the juiclei 
(chromatin pattern, nucleoli). The n : N ratio of most of the cells 
appears definitely increased, e.g. 1 : 16, and rod-shaped nucleoli may 
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Rio. 42.—^Transcoelomio imi^teatation of the oarcinoma shown in fig. 41; Above is 
seen the growth in the meeodnodenum as oarcinoma leiomyomatosum; in the 
centre, the neoidastio tissue is seen to invade the pancreas as pure carcinoma. 
(16018; 00 X.) 
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be seen. the ooiuinnar cells are exceedingly tall and their 

nuclei centrally situated. Mitoses are in general more frequent than 
in the oviducal tumour. 

Sections of the intestine,' transecting the duodenal loop and 
pancreas, dwclose extensive thickening of the walls of the bowel 
by more diffuse or more nodular subserous growths which do not 



43.—Detail uf tlie pancreatic invasion shown in fig. 42; Kstablishment of intimate 
continuity between the nooplaBtio and the pancreatic acini, with appearances 
of transitions between the two tissues. (15018; 500 X.) 


invade the muscularis. Most of these nodular growths are to some 
extent encapsulated in the fibrotic subserosa, which is thickened to 
many times its normal dimensions. Within these connective-tissue 
capsules is a stroma predominantly or entirely of smooth muscle, 
enclosing aggregations of neoplastic epithelial tubules, whose 
columnar cells are similar to those of the oviduct tumour except 
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that the zymogenic granulations are not seen (althoiigh a similar 
secretion may be present in the.lumina) anil that there is greater 
anaplasia, as shown here again by a less complete preservation of 
polarity, irregularity in nuclear size, and increased n : N ratio. In 
larger collections of neoplastic tubules, the individual tubules are 
separated by their connective-tissue stroma, but tubules lying singly 
are directly boidered by the muscular stroma. This isolation of 
elongated, ramifying strands of epithelium, often with no trace of 
lumina, in a large mass of muscular tissue is indeed a prominent 
feature. The picture may be aptly compared with that of a scirrhous 
cancer, except that here the stroma is not of connective tissue; as 
in a scirrhous, the epitJielium is in many parts degenerate and 
atypical, having the appearance of being squeezed out of exis¬ 
tence by the vigorous stromal reaction (cf. Fig. 44—from another 
case). 

This neoplastic tissue of the bowel serosa continues into the 
mesoduodenum as a prominent muscular thickening across which the 
neoplastic epithelium straggles (Fig. 42, above) until, meeting 
the margin of the pancreas, it suddenly assumes a mosi vigorous 
growth (Fig. 42, centre). The excessive muscular stroma gives place 
to a small amount of connective-tissue stroma which supports masses 
of tubules and solid sheets of epithelium growing inwards and re¬ 
placing the subcapsular portion of the pancreatic parenchyma in the 
form of small tongues which encroach into the organ to a depth of 
ca, 1 mm. at several points and from all sides. Here a peculiar 
phenomenon is observaWe which was considered of such importance 
that much care and lime w^as expended in a study of the sections.— 
In many places the invading neoplastic tubules become continuous 
with the pancreatic alveoli: proceeding outwards from the pancreas, 
in one and the same alveolus the cells grade over from the normal 
(pancreatic) to the neoplastic type; or they niay change suddenly, 
the-neighbour of a normal pancreatic cell being a cell whose nucleus 
is twice the size and which has no deeply staining basal portion and 
no prominent peripheral area pf acidophilic zymogen granules. 
Where the change is gradual, the aiipearance seen is as if the pan¬ 
creatic cells themselves gradually acquire more hyperchromatic. and 
larger nuclei, at first still retaining their characteristic cytoplasmic 
differentiation. This intimate continuity of the neoplastic with the 
panc5reatic acini is shown in Fig. 42 and (especially) Fig. 43. 

Sectons from other ^ parts of the bowel show smaller nodular 
masses of tumour tissue in the subserosa. The liver, microscopically, 
shows pronounced diffuse fatty changes throughout the substance 
and, in addition, circumscribed foci of intense fatty changes. There 
are also the larger foci observed macroscopically and which are con¬ 
fined to the surface: these are neoplastic in nature and consist of 
the epithelial elements supported only by a fine connective-tissue 
stroma. There is no encapsulation, but invasion is limited and the 
nodules are fairly w^ell circumscribed. The epithelial strands usually 
possess lumina which are often distended by retained secretion to 
form small cysts; the lining may be several cells in thickness; in 
other parts the epithelial cells grow in diffuse masses without lumen- 
formation or apparent polarity. 
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Discussion .—The followinj^ evidence favours the conclusion that 
in this case the largest of the oviducal tumours is the primary: it 
is the largest in size; the epithelial moiety of this niusculo-epithelial 
neoplasm is closely similar in cytology and (tubulai) arrangement 
(especially the zyjiiogenic granulation and the staining reaction of 
its secretion) to the glands of the propria mucosae of the funnel; 
continuity of the neoplastic tubules with the noimal glands is deinon- 
stiaolc; and m this liinioar the anaplasia of the epitlielium is more 
limited than in any of the others. (It must be remembered, however, 
that on account of the rapid growth of secondary implantations, it 
may be not at all easy to decide which of multiple tumours in the 
abdoineu of a fowl is primary and which are secondary, and in 
reaching a decision in diflicult cases a critical evaluation of the 
evidence obtained on microscopic examination, for example on the 
lines suggested above, is often essential). 

hrom this oviducal tumour spiead has occuiTed as follows: 
{a) to the intestinal and oviducal subserosa by transcoelomic im¬ 
plantation, (h) to the ovary by direct extension from imi)lantati()ns 
in the immediate neiglibourliood of that organ (i.e. on the wall of 
the initial portion of the oviduct), (c) into the oviducal ligament in 
tlie vicinity of the piimary tumour by direct extension, and (d) to 
the surface of the liver by transcoelomic implantation. In deciding 
the mechanism of spread to the liver the following had to be taken 
into account: liaeniatogenous metastasis was a jiossibility because, 
although a penetration of veins had not been demonstrated in 
the tumours, the capacity for penetrative intravaf^uilar growth was 
])roved by the invasion of (»varian lymphatics. Further, on macro- 
s(*opic examination, multiple foci had been seen throughout the liver 
tissue in addition to the two (larger) ones confined to the snrfacfr 
aiul these had been presumed to be metastases of the neoplasm. 
liUstly, the liver surface is in our experience not very commonly 
the seat of transcoelomic implantation. However on microscopic 
examination it is seen that the hepatic secondaries are confined to the 
surface, the foci in the depths of the organ being all of the nature 
of circumscribed fatty infiltrations [cf. the fatty infarcts ” such 
as have been described by Cesaris JJenil (1932) and Marras (1933) 
in the human liver. Sucli lesions were, however, not associated, as 
in this case, with diffuse fatty changes and are considered to arise 
us localised degenerative changes, following degeneration of a small 
branch of the hepatic artery. 1 find no previous record of their 
occurience in domestic animals]. 

The neoplasm is to be teinied a rarcinovui Icioviyoniatosutn 
leiomyoadenocarcinonia ”) and its dual histological nature is 
retained in all the seexmdary implantations except those in the liver 
and w’here the bowel implantations grow out to a distance from tlie 
intestinal wall in the mesoduodeimin and invade the pancreas. It 
is considered that the moiety which undergoes implantation is the 
epithelial one: wherever such neoplastic epithelium is seeded it calls 
forth locally a proliferation of the pre-existing plain muscular tissue 
to provide a stroma: where no such pre-existing muscle is available, 
as in the liver, a connective-tissue stroma is substituted. Until this 
case was studied it did not appear beyond doubt that the retention 
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of a mixed character in the secondaries of avian myoepithelial neo¬ 
plasms might not be due to a simultaneous implantation of both' 
epithelial and muscular elements^ although, having regard to the* 
“ benign ” character (not leiomyosarcoinatoiis of the muscle 
proliferation, this theory was a priori unlikely. 

This case is further of importance in showing that ovarian 
tumours may be secondary to tumours of the oviduct. It has already 
been indicated that it is not always easy to decide on the primary or 
secondary nature of a given tumour nodule in the abdomen of the 
fowl, and only too many erroneous assessments in this regard are to 
be found in the literature. Now that it is becoming more widely 
realised how frequently peritoneal carcinosis is secondary to ovarian 
tumours, one observes a tendency to an overconfident assumption of 
the primary nature of any neoplastic lesion of the ovary that may 
be discovered in such cases. The lesson to be learned is that ovarian 
and bc)wel-serosal lesions may both be secondary to a i)rimary in 
the oviduct. Such a primary is only too likely to be overlooked, 
(a) because the finding of an ovarian lesion (hastily considered the 
primary) satisfies the investigator and the rest of the organs may 
therefore be not subjected to such a close scrutiny at autopsy as 
would be the ease if the primary was still to be demonstrated; {h) on 
account of the intramural type of growth, the tumour in the oviduct 
may produce an iniionspicuous external enlargement of the organ, 
although its actual bulk may be large; and (c) because the ovidiiet, 
being a long and much convoluted organ is often not subjected to 
so thorough and close a scrutiny as it deserves. T find no mention 
in the literature that ovarian tumours may be secondary and liave 
therefore thought fit to draw especial attention to this question. 
Further, all who are familiar with routine avian autopsy work know 
how often it occurs that a primary is actually not found (in the time 
available to the busy w^orker) to account for a secondary peritoneal 
carcinosis in the fowl. It appears most likely that in these cases, 
if a really competent examination of the ovary shows this organ to 
be negative, failure to demonstrute a primary depends on insuffi¬ 
ciently close scrutiny of the (eighteen inch long!) oviduct. 

The last ol)serva1ion regarding the i>athology of this instruc,tive 
case concerns the invasion of the pancreas from the mesoduodenal 
neoplastic tissue. In this connection we venture to point out the 
X)robability that many pathologists, (‘onfronted with the microscopic 
appearance of a limited field of this pancreatic invasion and not 
having fullv studied the whole topographical distribution of the 
lesions, would (most excii^bly) diagnose a primary neoplasm arising 
from the pancreas. It is widely accepted as axiomatic that continuity 
is reliable evidence of histogenesis and in this case one could not wish 
for a clearer picture of what is usually regarded as histological 
continuity. Few pathologists appear to have ventured to criticise 
the truth of the axiom. Haythorn (1931), however, has in his study 
of the histogenesis of the basal-cell epitheliomas questioned the 
validity of the assumption that, because ^hese growths may make 
contact with the epithelium of the overlying rete pegs, they have 
an origin from the latter; but even he is at some pains to contend 
that in this case not true continuity but a false continuity or mere 
contiguity (approximation) is what is seen; and he, like others, 
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appears to acoept as final the histogenetic implications of a demon* 
stration of a ** real ” continuity. But long before this, Bous (1911a), 
in studjring the fate of mixed grafts of adenocarcinoma and 
embryonic tissue into mice, bad observed in some cases an “ intimate 
relationship ... in the direct union of tumour epithelium with the 
stratified squamous epithelium of the embryo . . . The cells were 
not merely juxtaposed, but were joined to one another and somewhat 
intermingled at the meeting point . . . Such a result is not always 
obtained; the normal and the neoplastic cells may be side by side, 
yet remain quite discrete . . . But uhen union does occur, the cells 
are sometimes intermingled to suc‘h an extent that the one iissae muy 
be said to pass info the other (*), so far as this is possible of tissues 
quite unlike Further, Kous, on the basis of this observation, 
anticipated the very type of difficulty which has been described (and 
which has been also discussed by Haythorn in connection with the 
skin-tumours) saying “ ... if such a union can occur between 
normal and «*ancerous tissues of different type (i.e. squamous 
embryonic epithelium and glandular neoplastic efiithelium) it would 
seem much more likely to take place between siudi as are similar, for 
example, between an ejiitlielioma and the skin about it Yet, as 
he indicates, “ the prevailing opinion among pathologists is still 
that continuity hetueen normal and cancerous epithelium denotes, 
as a rule, and origin of the latter from the former, a histological 
gradation between them rendering this in individual instances quite 
certain Now this trend ot pathological opinion is just as much 
in vogue to-day as when Itous utteied this warning, ^lu recent times 
Welsh (19d5) has gone to the other extreme in reviving the theory 
of spread ot cancer by conversion of neighbouring cells, which is 
based largely on the observation of a continuity lietween cancerous 
and pre-existing epithelium (re(*ognised ot course as a continuity 
which does not denote origin), and which is bound up wdth the 
])henoinenoii ot collateral hyperplasia. It is apparent, then, that the 
phenomenon ot secondarilv-established continuity is of the first im¬ 
portance in the study of the pathology of cancer, involving as it does 
the (luestions of both the histogenesis and the grow^th of tumours. 

We have concluded from a study of this and other cases that a» 
complete a continuity as could be desiied to be seen iua.\ be a mere 
secondary one; not denoting histogenesis from, but ineiely the in¬ 
vasion of a pre-existing tissue: If such appearances are to be 
observed in the gradation between two tissues of different ty])e, how 
much more confusing nun they not be, as TJous anticipated, lietw’een 
normal and neoplastic columnar (glandular) e])ithelia of much the 
same type? 

As we interpret the histological ajipearances of this pancreatic 
invasion, the folWing occurs:—The neoplastic tissue, penetrating 
through the capsule of the pancieas from the mesoduodenum, finds 
a pre-formed stroma, wdiich (since that has always been its function) 
is highly siiiled to the support of glandular^ ejuthelial cells. The 
tumour cells, therefore, replace the pre-existing pancreatic cells in 
their own acini in such a progressive way that, for a time, one and 
the same acinus may be lined partly by neoplastic and partly by 


(■) Italics mine. 
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nonual cells. Tlie presence of the neoplastic cells in immediate 
contiguity with the normal ones induces, as is commonly the case, 
the phenomenon of “ collateral hyi>erplasia ” in the latter. The 
lesull of this is that actual morpnologi<‘al gradations between the 
normal and the neoi)la8tic cells come to exist and the appearance 
is one of “ true continuity. One should be cautious in assuming 
from Ihis appearance that neoplastic cells are capable of influencing* 
their noiinul neighbours in such a way that the latter actually become 
cancerized: although hyperplastu* and at^iiical, their fate may yet 
well be that of ultimate replacement by and not of coiiYeision* io 
(he neopluslic tissue. At the same time, one can see tioin a study of 
such cases that those who postulate a conversion of the cells aie 
basing their theory on an acute observation which is by no mean> 
lightly to lo dismissed. 

The teaching of such observations is that continuity is not in all 
cases a trustworthy iriteiion of histogenesis, l)ecause the contniuHy 
which (leno(C6 histofjerirsts way he comptelely unilafed by the coh- 
tignity of invasion plus collateral hyperplastic changes in the 
iiou-caii<*erous cells. In these cases, invasion by is to be distinguished 
tiom origin of cancel ous tissue not on cytological grounds but on 
to])ograi)hi< al evidence. 

1 have here contented myself with a discussion of the im])licn- 
tions of this talse continuity in general. But it should be pointed 
out that theie are seveial special problems to whicdi the ]uinciple^ 
enunciated should be applied. I refer to the vexed rpiestion of the 
histogenesis of the liasal-cell carcinomas, based on theii coiitinuit> 
with the o\erlying eiiitheliuin. This has been discussed by IFay- 
tliorii, who irvas however inclined to consider that an admission of 
the existence of continuity would be fatal to his case. One would 
have iireferred that he had admitted fully the appearance of con¬ 
tinuity but denied its implication. And secondly I must refer to the 
obvious danger of diagnosing primary carcinoma of the jiaucreas in 
birds, ill the absence of the full^t autopsy examination and consi¬ 
deration of the macroscopic and histological tojiography ot the 
lesions: what appearances might result in a uwue advaiu‘ed stage 
ot panel eatic invasion by contiguous secondary neoplasms are easy 
to visualise on the basis of this study. The still wider implications 
of the principle of the continuity of invading tissues with normal 
tissues fall without the scope of this woik. 

* 

Diagnosis,—Carcinoma {adenomatosnin ct) leiomyomatosum of 
the oviduct, with transcoelomic implantations on the oviducal wall, 
the ovarian bursa (whence direct extension to the ovary), intestinal 
wall, liver, and mesentery, imduding mesoduodenum (whence theie is 
direct invasion of the pancreas with establishment of a continuity 
with the acini of that gland which must not be confused for evidence 
of histogenesis). 

A further case of carcinorna Isiomymatosvrru of the fowl is less 
satisfactory in that a complete autopsy protocol tannot be given, but 
it illustrates (better than does the preceding case) our introductory 
discussion of the nature and nomenclature of these tumours: — 
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{Fowl, 9313.) 

The specimen consists of certain of the abdominal viscera of a 
hen, Maeroscopically, the oviduct externally shows a dilatation of 
the isthmus, 4*5 cm. in length and irregularly oval in shape, 
apparently caused by a mass of firm consistence, lying within the 
oviduct. When the duct is opened, this enlargement is found to be 
caused, not (as was expected) by an egg concrement or retained 
ovum, but by a neoplasm, of the ahe mentioned, which is broadly 
attacihed to about half of the circumference of the mucosa and on 
section is seen to extend from beneath the serosa into the lumen, 
being altogether some 2 cm. in thickness, ulcerating, and leaving 
only a nairow slit-like spaije between its free surface and the opposed 
wall of the duct. In places also it extends completely through the 
subserosa, appearing on the exterior as flattened, inconspicuous, 
and but slightly elevated plaques. For a narrow area surrounding 
its bioad base (which gradually thins into the wall of the oviduct) 
there is a covering of the mucosa (ridges); Ihe greater part however 
presents a roughened, ulcerating surface protruding as described 
into the oviducal lumen. The consistence is firm, resembling smooth 
muscular tissue. Faint whitish centres in this tissue can be detected. 
The coils of the intestine are closely matted together by a thic^kened 
mesentery and are almost iiiqmssible to unravel in the preserved 
specimen. They show in places, esjiecially in the region of the caeca, 
great thickenings of their walls aj)i)aiently composed of smooth 
muscular tissue and reaching a thickness of 1 cm. There are also 
multiple, numerous, often confluent, pin-poiift to pin-liead-sized, 
suhserous, whitish nodules. Similar nodules are found on the mesen¬ 
tery and oviducal ligaments, and all the serous membranes of the 
abdomen are diffusely thickened. From the thickened ovarian bursa, 
there is a direct extension of the newly formed tissue into the ovary, 
in which it forms a central mass which branches peripherally among 
the normal and degenerated ova. 

In sections of the oviduct and tumour, one sees tliat the free 
(inner) surface of the neoplasm has still a ])artial covering of the 
oviducal epithelium and a(*tually only ulcerates at limited points; 
its greater part is covered by low* villi of the mucosa, which, 
are compressed against the op])osite wall. Tn parts these villi have 
become atrophic and a iion-villous covering of ciliated cells remains. 
Here and there this fades out completely and the underlying iieo- 
])lastic tissue is exposed, having occasional ciliated cells still adhering 
to its surface. Occupying the prapria mnco,sac in these parts is a 
neoplastic epithelium arranged for the most part as solid cell-masses 
wuth scanty connective-tissue stroma. In these masses luminu occur 
bordered by columnar to cuboidal cells with fairly distinct polarity. 
These lining cells are continuous (])rc)ximally) with the diffuse neo¬ 
plastic epithelium, w^hich shows loss of polarity, marked variation 
in nuclear size, and a distinct enlargement of nucleoli. Many of 
these diffusely arranged cells are spindle-shaped. Where the mucosa 
is not destroyed this neoplastic epithelium can be traced into con¬ 
tinuity with the proprial glands, the nuclei of whose cells are much 
smaller (about half the size) and whose nucleoli are not prominent. 
As one traces the neoplastic tissue through the wall of the oviduct, 
i.e. from the mucosa region to the muscularis region, one sees that it 
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becomes supported by a most excessive amouut of stroma composed 
of branching and anastomosing bundles of smooth muscle cells. 
These bundles at first run rather obliquely with a tendency towards 
a circular arrangement (i.e. concentric vnih the oviduct lumen), 
while more externally they have a definite radial arrangement. This 
muscular tissue greatly predominates in the picture and between its 
thick strands the neoplastic epithelium occurs mostly as extremely 
elongated tubules with slit-like ^mina or without visible lumina, 
although occasionally wider lumina occur, iln many of the com¬ 
pressed tubules there is decreased cellular anaplasia and polarity 
is better preserved: the cell nuclei may be reduced in size as com¬ 
pared with those of the normal glands whence continuity was traced, 
and the nucleoli become less prominent. A small quantity of hyaline, 
acidophilic secretion may be found in the neoplastic tubules.- The 
epithelial cells, where lining tubules, show a cuticxilar condensation 
of their distal borders. The newly-formed muscular tissue can be 
traced into continuity with the musculature of the duct wall, into 
which it passes without obvious demarcation: cytologically, the 
junction can however be recognised by the closer crowding and 
larger size of the nuclei of the newly^formed muscle cells, whose 
nucleoli are also slightly more distinct than in the case of the 
normal muscle. 

The ovary is invaded by a diffuse growth of neoplastic epithelial 
tubules supported by smooth muscle stroma containing relatively 
small amounts of connective tissue. In places the tubules are closely 
aggregated, elsewhere dispersed in larger amounts of smooth muscle. 
There are also a leucocytic infiltration and cystic spaces containing 
degenerated yolk. 

Sections from the greatly thickened bowel show a diffuse thicken¬ 
ing semi-encircling the wall and composed of a large amount of 
smooth muscle tissue, at its edges continuous with both layers of the 
muscular coat, and containing relatively small amounts of the neo¬ 
plastic epithelium. In the submucosa region, the muscular stroma 
can again be traced into continuity with the muscvlaris mvcosae. 
There is also a limited invasion of tM propria, in which however the 
neoplastic epithelium is supported by connective-tissue stroma, and 
in which the neoplastic parenchyma now dominates the picture. The 
overlying epithelium is atrophic and the lumen greatly reduced, but 
there is no ulceration. Other sections of the bowel show more cir¬ 
cumscribed nodular lesions of the same general type, but where these 
are confined to the subserosa their stroma is formed by collagenous 
tissue. Sections through tiie vaginal portion of the-oviduct show 
intramural nodules, rounded and well circumscribed, but not encap¬ 
sulated, lying at the level of the circular muscularis. They consist 
of irregularly arranged bundles of plain muscle cells, at the edges 
continuous with the normal muscular coat, which stains more deeply 
with haematoxylin. Two of these nodules are ca, 1 mm. in diameter 
and do not completely occupy the thickness of the mtBCular wall, 
being covered inwardly by the normal circular muscle. A larger one 
(3 mm,) occupies the whole of the thickness of the muscular wall, be¬ 
ing covered externally by serosa and internally by sribmucosa (see 
Fig. 45)* Here also the structure is purely muscular, no epithelium 
being demonstrable. A section ^previously cut at routine examination 
and whose exact point of,origin could not be determined from the 
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macroscopic examination) shows a steuosing lesion of the oviduct: 
centrally there is a small compressed slit-like lumen lined by pseudo- 
stratmed ciliated epithelium resting on a propria cvontaining a layer 
oi glands and thrown into a few folds. Beneath the glandular layer 
IS a muscularis which on all sides becomes confused with a neoplastic 
mass whose greater bulk is situated in the ligament of the oviduct. 

imperfect and cellular capsule and surrounds 
the duct on all sides, although the duct lies eccentrically to it. It 
(x^nsists of a well-developed connective-tissue stroma enclosing manj^ 
large bundles of irregularly-arranged smooth muscle cells and itself 



Fig. 44.—Structure of an implantation of carcinoma leiomyomatosnm on the oviduct of a 
hen : Great preponderance of the muscular moiety with (incomplete) regression 
of the epithelial moiety, (9313; 75 x). 

permeated throughout by neoplastic^ cuboidal to columnar epi¬ 
thelium, At one point the tubules formed by the latter reach to near 
the proprial glands but there is no invasion of the mucosa. Large 
parts of this neoplasm show necrobiotic changes; in large areas the 
epithelial moiety is minimal in amount (Fig. 44), forming a transi¬ 
tion to the stage of complete regression shown in Fig. 45, 
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Fro. 46,—Another oviducal implantation in the same subject as fig, 44; Complete regression 
of the epithelial moiety of carcinoma leiomyomatosum resulting in a purely leiomyo- 
matous structure. (9318; 30 X). 
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DiscnnHion .—-The above cleHcribed appearanees are interpreted as 
followsThe epithelial moiety of this tumour arises from the glands 
of the ovidueal iiropria and grows as a pure carcinoma adenomntomm 
in the pix)pria, through which it ulcerates and causes a severe stenosis, 
(irowing also «)iitwaids, it meets the muscular wall of the du(‘i, which, 
as it becomes invaded, proliferates to provide a stroma for the epi¬ 
thelial elements. This ])heuomenon was illustrated by Fig, 41, in the 
j)revious case. 1'he serosa is pentrated and the epithelial elements 
become im])lanted on c)ther organs ami on other parts of the oviduct, 
where they again stimulate a growth of ])re-exis(ing muscle as s(»on 
as they have j)enetrated further than the serosa of the organs con¬ 
cerned. The ])urely muscular nodules (Fig. 45) to be found in parts 
of the oviduct are to be interpreted as originally cajicerous implanta¬ 
tions in which the excessive muscular proliferation has been successful 
in causing regression of the epithelial moiety. Indeed this process 
can be seen in progress in a stud.\ of other of the nodules (Fig. 44) 
and it appears that, prior to its regression, the neoplastic ejiitheliuiii 
loses its morphological anaplastic qualities. The fact that the 
development of the muscTilar element may, judged hy its results, be 
actually a purixiseful or at least a useful roa(‘tioii of the organism 
influences one in deciding (as previously discussed) not to regard this 
jiroUferalion as of a truly neoplastic nature and the tumours us mixed 
tumours; for as is well known, the essence of the neoplastic* process 
is its lack of contribution to the bodily economy ('). At the same 
time, the newly-formed muscle has histologically aiicl cytologically a 
cpiite neoplastic a]>peurance, and it differs, as Las been said from the 
normal; it is thus not certain whether it is ecpiivalent to ordinary 
hypertrojiliic muscailar tissue. 

This ca^e is important in allowing the tollcwing generalisations 
to be stated : (c/) that in a “ mixed " tumour (thc» term is uscmI 
subject to the reservations atorc'stated) the one eleineut may, preced¬ 
ing the other in time of formation, luM'ome sec*ondarily associated 
with the later-foi niecl moiety, uhose pioliferation is clirec*tly referable 
to a stimulation exerted 1>> the growth of the first-formed moiety; 
(h) that in such a tumour the one elcuncmt may, by over-growth, c*ause 
regression of the other (malignant) element and in this respect have 
the features of a protcndive and not a “ ])urposeless " reaction, siicli 
as is usually associated with neojdasia. 

In cMUic lusioii, it may he remarked that failure to observe mitotic 
figures in the large numbers of sections examined shows the unrelia- 
liility of the mitotic index as a cTiterion of the malignanc*y of these 
avian neoplasms. 


Dingnoni.^,—Carcinoma leiomfjoniafosuiti of the oviduct, with 
multiple implantations on the abdominal viscera and mesentery and 
with invasion of the ovary. Some of the secondaries have a purely 
leiomyomatous structure, owing to regression of the c*arcinoinatons 
cells. 


C) This classical ooncseption, however, obviously needs revision in view of 
observations on the function of neoplastic thyroid tissue in man. 
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(3) Carcinoma of the Plvarynw. 

Apart from Feldman^s (1932) statistical mention of a single case 
of pharyngeal carcinoma in the fowl (which he does not describe) no 
reference to this disease was found in the literature, although 
acanthoma of the oesophagus has been reported by Joest and Emesti 
(1916), : In South Africa a single ease of pharjmgeaL carcinoma lias 
been^ encountered; — 

{Fowl, 14035.) ,v 

The specimen consists of the pharj’^nx of a While Leghorn hen. 
There is a large flattened-oTal mass occupying the j)haryngeal wall 
and ulcerating into the lumen. It measures 6 oy 4 cm. and occupies 
the whole lumen of the organ, being 2 cm. in thickness. It has the 
dense elastic consistence of smooth muscle and contains (to the 
naked-eye) elongated strands of a* softer and lighter-coloured tissue. 

Microscopically, the neoplastic tissue is seen to replace all the 
layers of the wall of the pharynx, being at the edges covered by the 
pharyngeal epithelium and elsewhere ulcerating through the mucosa. 
It consists (Fig. 46) of an epithelial moietjr which, as it is traced 
outwards from the submucosa, becomes assordated with a progressive 
increase of a leiomyoma to id stromal moiety apparently derived from 
.the pre-existing musculature. This, in the greater part of the 
tumour, preponderates over the epithelial entity, as been described 
previously in the leiomyomatous carcinomas of the bird. The 
neoplastic epithelium is of an ambiguous nature: for the most part it 
is little differentiated and resembles glandular more than squamous 
epithelium, althoxigh there is no distinct lumen-formation. These 
cells bear some considerable resemblance to the normal elements of 
the deeper (basal) layers of the mucosa. Bui in many places distinct 
differentiation to squamous elements occurs and limited keratinisation 
is seen. The neoplastic epithelium shows an average n I N ratio of 
1 : 9 (cf. maximal ratios of co. 1 : 14 in the pharyngeal mucosa). 
Mitoses are fairly frequent. There are further to be seen accumula¬ 
tions of lymphocytes closely associated with the neoplastic tissue. 

Remarks .—This tumour, like those which have been described in 
the reproductive organs of fowls, is associated with a pronounced 
smooth muscular stroma w^hose development approaches a neoplastic 
grade. Itegarding the essential (epithelial) moiety of the tumour, 
the type of growth offers a close parallel to those tumours of mammals 
which are knowm as trai^sitional-celled carcinomas; a further 
resemblance is seen to the latter in the presence of groups of lympho¬ 
cytes in the neoplastic tissue. Such tumours of mammals will be 
dealt within the following section. 

Diagnosis, —(Transitional-cell) carcinoma leiomyomatosvm of 
the pharynx. 


Cakcinoma of the Domestic Mammals. 

The 28 case^ of mammalian carcinoma in which primary lesions 
were submitted (excluding those arising from squamous epithelium 
and its derivatives) halve the following organ distribution: liver—16 
cases, lung—8 cases, testicle—2 cases, mammary gland—1 case 
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Fio. 46.—Carcinoma leiomyomatosttm of the phamyx ol a fowl. (14036; 100 X). 
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(excluding' one case in the rabbit), stonmcb^ |)uiicreus, Hiuall intestine, 
imrotid salivary gland, kidney, and anus (anal glands)—one case of 
each. There are also 4 cases of transitional cell carcinoma of bovines 
which are discussed later. Examples of liver carcinomas are confined 
to the runiinants and the dog and are to he discussed in another 
chapter (IV). The mammary tumour was found in a mule. I have 
debated considerably as to the advisability of including here several 
further tumours of the dog’s breast; these contain, in addition to an 
epithelial moiety, an element (osteomatous, (^hrondromatons, sarcoma¬ 
tous, etc.) of mesenchymal derivation. On consideration, these have 
all been classed with the mixed tumours, although we have found 
that in some of the cases regarded for practical ijurjioses as pure 
carcinoma, it is not always easy to decide whether all the neoplastic 
elements are to he regarded as of epithelial derivation. In other 
words there appear to exist gradations between pure carcinoma and 
mixed tumours with an epithelial element. I’he same difficulty 
exists in human pathology, in which spindle-shaped cells may occur 
in mammary tumours, usually referred to (e.g. Ewing) as 
“ embryonal carcinomas It would a^)pear that most of our cases 
of canine breast carcinoma fall into a similar category, although to 
what extent the term embryonal ” is literally justified it is dilBciilt 
to say. 

Erom the cases of carcinoma in the collection the folloMdng less 
well know'n or hitherto uudescribed tumours have been selected for 
discussion: — 


Carcinomit of the Stomach of the J/ojsv, 

The only egses of (glandular) carcinoma of the stoniacdi of the 
horse which have up till now been reported are those ot Iloloff (18fi8) 
and Sturm (1889); the latter author, according to »loest, erroneously 
diagnosed his tumour as adenoma. Acanthoma arising from the 
oesophageal portion of the gastric mucosa and therefore (*oniparable 
not with gastric carcinoma hut with efiithelioma ot the cjesophi^gus 
of man and with acanthoma of♦ the fore-stomachs of ruminants is 
ot more frequent occ'urrence [cf. Sticker’s (1902) 8 cavses among 311 
equine carcinomas]; they have not ,however, been encountered among 
equiues in this country. In view of the great rarity of true gastric 
carcinoma, the following case is of interest; — 

{Equine^ 15193.) 

The subject was an ^ged horse, destroyed in Johannesburg, and 
from which formalin-fixed specimens were kindly collected for me 
by Dr. G. Martinaglia. The specimen consists of the following:—Two 
pieces of the stomach wall, ot which the first includes the inargo 
plicatus with a portion of oesophageal and glandular mucosa on each 
side of it (Eig. 47). The wall is diffusely infiltrated by a soft, white 
growth, whi<*h for the most part occupies the submucosa, the 
muscularis, and the subseroaa, but in one jmrt ulcerates through the 
mucosa to form an irregular fungating mass about the size of a nrown- 
piece. On the outer aspect (Fig. 48), the growth appears in the form 
of multiple nodular outgrowths some of which are covei-ed by the 
serosa and which vary from *5 to 6 mm. in diameter, sometimes much 
larger owing to confluence. The growth is essentially intramural, 
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therefore, and the wall is thickened to as much as 3*5 cm. The 
second piece of stomach is from the oesophageal portion of the organ: 
here the wall is also infiltrated, but no ulceration occurs. As the 
two pieces do not tit together, it is not possiWe io give the exact 
8126 of this large, flattened, intramural tumour, but it must have 
affected an area at least ihe size of the hand, h'urther, there are 
fragments of the large intestine bearing multiple subserous nodules 
1 to o mm. in diameter; of liver with Jiiultiple non-encapsulated 
white foci, J inm. to 1 cm. in diameter, which irregularly infiltraie 
the he])aiic parenchyma; of lung with a single infiltrating nodule 
5 nim. in diameter; and of omentum or mesentery which is 
diffusely thickened by multiple, cmiflueni noduh^s of small size. 



Fig. 47.—Carcinoma of the stomach of the horse: Right, the margo 'plicatus and the oeso¬ 
phageal portion of the mucosa; left, intramural and ulcerating growth of the 
tumour in the pare glandularid, (15193 : nat. size.) 


Sections of the stomach (Fig. 49-52) show the presence of a new- 
grow'th composed of an irregularly columnar type of epithelial cell 
arranged in elongated cords and strands and separated by a relatively 
small amount of cellular connective-tissue stroma. This neoplasni 
in one part occupies the mucosa and reaches the surface thereof in 
the fundus gland r^ion. At its circumference it grows infiltratively 
in the mucosa (Fig. 49), without definite demarcation from the 
neighbouring glands; the latter show considerable irregularity 
(hypertrophy and multiplication of cells) and in many places an 
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apparent continuity can be traced between these glands and the 
neoplastic elements. The gastric mucosa shows fibrosis and atrophy 
(chronic atrophic gastritis) except at the margin of the neoplastic 
tissue where there is (collateral) hypertrophy. From the mucosa the 
neoplastic tissue infiltrates outwards through the muscularis mucosae 
and the submucosa in the form of thin strands which are continuous 
with large nodules and strands occupying the muscularis (Fig, 50) 
and subserosa. At the base of the ulcerating portion, the submucosa 
is much thickened and indurated by collagenous connective tissue and 
here it is seen that the tumour cells are obviously extending iii 
strands through the lymphatics, so that a ramifying plexus of 
neoplastic epithelium is formed. The tumour cells (Figs; 51 and 52) 
have almost completely lost their polarity, they snow considerable 
irregularity of si^e and shape; many of the nuclei" are hyperchromatic, 
and some shour enlarged nucleoli. They tend to be larger than the 
normal gland cells of the fundus, and more especially their nuclei, 
which may be two or three times the normal size. There is some 
tendency for the outer cells of each nest to be arranged perpendicular¬ 
ly to the connective-tissue stroma, but almost as many lie 
irregularly, while the inner cells are in quite disorderly arrangement. 
There is scarcely a trace of lumen-formation. The scanty stroma 
forms a delicate but rich meshwork of considerable regularity, so that 
the strands of neoplastic cells are of the dimensions of the normal 
acini of the fundus region. In places the borders of the intramuscular 
nodules show an imperfect encapsulation, but more often there is no 
protective connective-tissue reaction. Here and there necrosis has 
overtaken individual alveoli. Mitoses are numerous (index = 3). 



Fia, 48.—External aspect of the stontaoh wall.^own in fig. 47: Pene^tion of the serosa 
and intramural growth of gastric earcmoxna. ‘ ; nat. dse.) 
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ji! and oiuentum, inicroscopicully, are seen to be 

aJiected by confluent nodules, imperfectly demarcated by strands of 
connective tissue and which are oi similar morphology to the gastric 
tumour, These n^odules infiltrate and replace the subserous adipose 
tissue. Anaplasia is here somewhat more advanced, cell polarity 
being scarcely at all recognisable and a few multinucleate (tumour) 



Fie. 49.—Gaetrio oaromoina of the hotee: Invasion of the gastric mucosa. (16193; 60 x). 


giant cells occurring. The finer stroma separating the adjacent 
alveoli is less differentiated and smaller in amount than in the 
tumour of the stomach. The lungr nodule consists of a number of 
rather distinctly separated and solid nests of anaplastic epithelium 
lying in preformed spaces which show traces of endothelial lining 
Uymphatics). Occasionally polarity is not completely lacking and 
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Via, 50 ,—Qastric oaioinoma of the bone: Intramural grovtii invading the mufloularie. 

(16193; 60 X). 



Fm. 61.—Oaatiic oarcitaottia of horse; Anaidastie gtowtii aad little Inaieti.fonuation 

(16198; 260 X). 
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tliere may be traces of luiueti formation. Some of the cell-nests are 
necrotic. There is no circumscription, and many outlying islands 
of tumour cells oc(;ur. There is little stromal reaction. The Jiver 
nodules (Fig. 53) are cx)mpose(l of an infiltrative growth of feolid 
strands of the tumour cells. The portal veins in Glisson^s capsule 
are largely occluded by the neoplastic cells, and show a narrow peri¬ 
pheral 8pa(*e in which blood (rich in neutrophiles) still circulates. 
From here strands pass between the liver cell columns towards the 
centre of the lobule, obliterating the sinusoids and destroying the 
hepatic parenchyma, the surviving liver cells showing pronounced 
signs of degeneration (hyperchroinatosis, chromatolysis, fatty 
changes). Here and there are large globules of acidophile hyaline 
material apparently formed by degeneration of the neoplastic cells. 
Tliere is scarcely any connecfive tissue reaction. The Kupffer cells 
in these areas are richly pigmented. , 



Fig. 52.—Gastric carcinoma of the horse: Detail of the structure of the more anaplastic 

portions. (16193; 600 x). 


Diagnosis,—Carcinoma nwdnUare of the stomach with trans- 
coelomic implantations to the serosae aud with metastases to the liver 
and lungs. 
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Fio. 53.—Hepatic metaatases of oarcinoma of the stomach of horse: Tumour emboli 
commencing to invade liver parenchyma from the portal veins. (15193; 30 X). 


Carcinoma of the Small Inteitine of the Sheep. 

Known to occur, although rarely, in all domesticated species 
except the small ruminants and the pig, carcinoma of the intestine 
is a hitherto unrecorded tumour of the sheep, ^a species which is 
considered to be relatively immune to carcinomatous prolifera¬ 
tion ’’ (Feldman, 1932). The Onderstepoort collection contains 
the first recorded case of this disease:— . 

{Ovine, 4144.) 

The specimen consists of a portion of the small intestine of a 
sheep. This shows (Fig. 54) a sausage-shaped tumour protruding 
into the lumen and measuring 4 cm, in length and 1-3 cm. in 
diameter. It has a lobulated, ulcerating surface and is fairly firm 
in consistence. At its point of attachment to the bowel wall it 
causes a stenosis, infiltrating intramurally below the mucosa in the 
form of an annular band. Proximally to this point the bow^el is 
much dilated (to about twice its normal diameter) and the muscularis 
is seen to be hypertrophied. In this region the serosal aspect of the 
intestine is irregular owing to the presence of multiple, ill-defined, 
confluent elevations of the size of a pin's head. 

Microscopically, sections of the intramural part (Fig, 65) of 
the tumour show an invasion of the propria rwucosas by the neoplastic 
tissue which is replacing the latter and which consists of acini of 
glandular epithelial cells whose c 3 rtopla$m is filled with droplets of 
mucus. These cells break through the muBcutaris mMepsaei pene¬ 
trate the circular muscularis in the form of radially directed strands, 
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and to a lesser extent also the lon^^itudinal muscularis, finally reach¬ 
ing the Rubserosa. The stroma is delicate. Sections through the 
intra-enteral portion of the growth show a richer connective-tissue 
stroma in which the neoplastic alveoli tend to be smaller and more 
widely dispersed. The neoplastic cells are often so distended with 
mucus that they assume the well-known signet-ring forms, 
having compressed, eccentric nuclei. The n I If ratio does not exceed 
m, 1 I 1(1 and mitotic index is 2. Other sections show a 
difiuse infiltration of the subserosa of the bowel above the point of 
stenosis; the muscularis is greatly hypertrophied. 

Diagnosis .—Colloid (mucoid) carcinoma of the small intestine. 



i’lo. 54.—Carcinoma of the small intestine of the shoop ; Eight, the tumour protruding into 
the lumen and also growing iiitramurally in the bowel wall; loft, the dilated 
bowel cranial to the point of stenosis. (4144; 1/2 X). 

Carcinoma of the Pancreas of the Sheep. 

Carcinoma of the pancreas is a rare disease in domestic animals 
and has not been reporied in the sheep. The following case was 
encountered: — 

(Ovine, 6704.) 

The sul>ject of this tumour was a ‘‘ full-mouth Persiaji ewe. 
A comi)Iete description of the lesions encountered at autopsy cannot 
be given be(*ause the tumour foci were mistaken for abscesses and 
therefore not very closely described. The specimen consists of a slice 
of a walnut-sized “ abscess ” in the pancreas, a portion of the liver 
which was stated to have contained numerous foci “ of muco-purulent 
nature ’’ and a portion of lung stated to contain “ foci of purulent 
material The spleen was also affected and the ])eritoneal cavity 
contained 250 cc. of turbid, greyish fluid in which were suspended 
“ yellowish, purulent floccules Only the micioscopic prepara¬ 
tions were available to me for examination: — 

The pancreas contains an encapsulated tumour (Fig. 56) within 
its substance and although intravascular invasion can be seen in the 
thick layer of connective tissue which surrounds the neoplastic tissue, 
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G5.'—Intestaaal oaxcuioma of tho sheep: Ahore^ invasion of the zntiooaa; belw, strancis 
of tumour tissue penetrating the circular museulaiis. (4144; 00 x). 
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the pancreatic parenchyma is not directly invaded. The neoplasm 
consists of a fairly well developed cannective-tissue stroma rich in 
fibroblasts and in most parts heavily infiltrated by lymphocytes; 
this supports epithelial-lined acini of very variable size, most of 
which are distended into small cysts by their content of necrotic 
debris derived from the desquamated cells. More solid areas of 
similar neoplastic cells also occur. The neo]dastic epithelium is 
usually pf simple columnar to cuboidal type and where polarity is 
))reserved the nuclei are located proximally (i.e. remote from the 
lumina), leaving a distal free area of cytoplasm which stains more 
acidophilic than the rest of the cell (cf. the normal pancreatic cell). 
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Fig. 56.—Oarcinoma of the pancreas of the sheep: Left, encapsulation against the normal 
pancreatic tissue (extreme left) with invasion of the capsule. (6704 ; 32 X). 


The cells are vai ialde in size but usually very much larjyer than I he 
normal pancreatic elements. The nucleoli (often double) are cleailv 
enlarg:ed and the uverag'e n I N ratio is ca, 1 ; 9 (cf, the pane*ieatic 
cells—1 : y') or 1 : iWI); it may reach 1 I o. All sigfnsof anaplasia are 
well marked: hyj)erchromasia of the nuclei, p^reat variability of 
nuclear size, presence of multinucleate neoplastic j?iant cells, and 
many mitotic figures. Both the liver and lung contain foci of the 
same nature, ex(!ept that they are unencapsulated, 

; Reviarh ,—^Although one is cautious of diagnosing primary 
carcinoma of the pancreas in view of its rarity in animals, the absence 
in this case of any other lesion which might be primary to these 
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tumours, the resemblance of the neoplastic tells to those of the pan¬ 
creatic parenchyma, and the fact that the x)ancreatic ttimour is encap^ 
sulated while those of the liver and lung, taken to be secondary, are 
not, appear to be adequate giounds for confidence regarding the nature 
of the lesions. The failure to recognise the neoplastic nature of the 
disease at post-mortem is of practical impoitanee and is explained by 
the retention of necrotic contents by the neoplastic glands, thus 
simulating a suppurative process. A feature of the case is the 
extensive metastases from a relatively small primary, explicable on 
the grounds of the pronounced intravohiulai invasive tendency ot the 
latter. 

Diagnosis .—Carcinoma of the paneleas with pulmonary, hepatic, 
and (not confirmed micioscopically) s])lenH^ metastases. 



Fjo. 57.—Pnmary oaremoma of the lung ansmg Irom the intrapulmonary bronchi m tlio 
dog: Primary growth surrounds the larger bronchi to right of centre of illustra¬ 
tion ; to the left, metastascs m the bronchial lymph-nodes. (14574; 1/2 x )• 


Carcniotna of the Jjvng. 

Primary cat cinema of the lung has been reported in neaid> all 
species of domesticated animals, but is considered a rare disease. The 
()nderstepoort collection contains three examples, which need not be 
described in detail. Two of the casfes concerned the dog and the third 
a sheep. The canine cases illustrate well the differentiation which, 
in lung carcinoma of animals as well as of man, must be made between 
the two chief types, vig, those arisinp from the intrapulmonary 
bronchi and those considered to ha%e their origin from the pulmonary 
parenchyma. The macroscopic appearance of the bronchial type is 
shown in Fig. 57, from a dog—(Canine, 14674)—-which had to be 
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Fto. 58.—Miciosoopic oliaractoristics of the bronchiogenoui} carcinoma of the dog (fig. 57): 
Growth in the wall of a bronohns, with intact lining. (14574; 32 X). 
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destroyed on account of chronic dyspnoea: the rij^ht lung will be 
seen to be affected by a diffuse neoplastic mass sur]H)unding the main 
bronchus of the diaphragmatic lobe and following its chief branches 
into the substance of the lung* It is a stenosing lesion, without 
ulceration. Metastases wei^ recorded in the bronchial and inferior 
cervical lyiuph-nodes, and in the liver, periportal lymph-nodes, anfl 
spleen. Microscopically (Fig. 58) the structure of this type of tumour 
is briefly as follows:—The neoplastic tissue is mainly confined to the 
walla of the broncjhi and invades the blood-vessels which aecompany 
them; the bronchial ei)ithelium remains intact. There is also invasion 
of the neighbouring pulmonary parenchyma, where the cells show 
extreme anaplasia. Here intranuclear “ iuclusious occur similar 
to those considered to arise from the nucleoli and one of these was 
the largest encountered in any tumour, measuring 26/i in diameter; 
anaplastic cells may reach a diameter of as much as 121^. In thi^ 
case there were no definite features (mucus pioduction by the cells) 
whereby one could couclude with certainty that the tumour arose from 
the bronchial mucous glands, but the cells are glandular in nature and 
one is probably justified in assuming that the growth corresponds 
with those of the human lung ^lieved to have such origin and which 
are characterised by limitation chiefly to the walls and especial!^’ 
to the sxibmucosa of the bronchi; relatively intact condition of the 
bronchial lining; stenosis rather than dilatation of the bronchi; 
often considerable infiltration of the parenchyma ...” (Ewing)— 
all of which are features of the case described. 


The second type of pulmonaiy carcinoma is illustrated by Fig, 59, 
a lesion from the lung of a fox terrier (G681) which (lied with 
symptoms of severe dyspnoea a short time after the onset of (‘Hnieal 
symptoms. Micioscopically, there is peribronchial growdh with 
ulceration into the lumina of smaller bronchi and perivascular growth 
(within the lymphatics of the adventitia <»f blood-vessels); but chiefly 
there is an extensive spread in . the pulmonary parenchyma. The 
neoplastic tissue is of two types, with all grades of transition: 
(a) adenoid acini lined by tall cylindrical cells and more solid alveoli 
with loss of cell polarity; (b) squamous cells with intercellular bridges 
(prickle cells) which undergo individual keratinisation and alscj form 
occasional small pearls. The rest of the lung is affected by acmte 
catarrhal pneumonia, doubtless the immediate cause of death. The 
diagnosis is adeno-acauthoma (carcinoma), a type of tumour usually 
considered to arise front the pulmonary* alveoli. 


It is not proposed to deal in detail with the solitary case of pul- 
monaiy carcinoma encountered in a sheep., The lesions consisted in 
multiple foci (varying from 1 cm, to 1 mm. in diameter) some of 
which were circumsc?ribed aud some not. There was also confluence 
to form areas measuring over 4 cm. in diameter. The structure was 
mainly that of papilliform adenoid carcinoma resembling the lesions 
of jagsiekte but able to be diflferentiated on account of areas with loss 
of lumen formation and complete loss of cell polarity; it is mainly 
on account of the importance of this differential diagnosis in South 
Africa that the case has been mentioned. 
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Fia. 59.—Strooture of another type of pulmonary carcmoina of the dog Adeno-a< onthoma, 
considered to anae from the pulmonary parenchyma Above, ^oli 1 or acantho 
matous structure uith keratmisation, belou, adenomatoid growth aith lumen* 
formation. (6681, 190 x) 
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Mammary Car^cmoma, 

llegardiug mammary carcinoma, some misapprehension has been 
caused by authors who have under this name reported acanthomas 
bt the skin covering the udder. Yet true mammary cancer cannot 
be regarded as a rare disease among domestic animals. It is reported 
to be especially frequent among dogs and less frequent in horses, 
while in the bovine it must be regarded as exceedingly rare. If from 
the mammary carcinomas one excludes the mixed tumours of the 
breast of dogs, however, it is probable that the disease is somew’^hat 
less frequent than is indicated in the literature. In equines 1 find 
I'eports of the disease only as affecting the horse. It is of interest, 
therefore, briefly to place on record Here a easis in a mule (8099). 
The indurated udder was thought to be affected by botriomycosis and 
radical excision was performed^, including the regional lymph«nodes; 
histologically the structure was that of carcttiofna simpler —a highly 
anaplastic epithelial tumour w’ithout lumen-formation. There was 
metastasis to the regional glands. The animal was discharged with a 
healed ox>eration wound two months after excision, but the further 
history is not obtainable. 

In view of the well-known facts regarding the incidence of 
cancer of the breast in woman, indicating that lactation is far from 
an essential influence in the aetiology of tibe disease, and that, on the 
other hand, in the species with tne most highly functional (and 
iabused) mammary gland, viz. the cow, udder carcinoma is rarer than 
in any other species, the oc<iurrence of cancer in the mule’s udder, 

,which has no demands whatever made upon it, is by no means 
surprising. 


Carcinoma of the Testicle. 

Malignant seminoma ” is not to be considered a rarity iii 
domestic animals, but in the dog it is less common than benign 
seminoma ’’ or adenoma. SchlegePs (1916) review contains much 
valuable information on this subject^ but unfortunately his micro¬ 
scopic observations ai^e given in scant detail and no photomicrographs 
accompany the descriptions. Fig. 60 is here reproduced to snow 
the structure of the only case which I encountereil. The tumour 
occupied the whole of tne testicle of a six-year-old dog, only the 
epididymis remaining and the thickened albuginea serving as a 
capsule. Microscopically, one sees small alveoli of cells demarcated 
by delicate connective-tisspe septa. These alveoli are extremely 
variable in size, being sometinves represented by a strand only one 
cell in thickness, but usually they measure some 75/i in diameter. 
They are composed bf polygonal cells vrhich may measure as much 
as 80fi in diameter (but are often also considerably smaller) and which 
are characterised by their large amount of cytoplasm; this is usually 
densely crowded with small fatty vacuoles and has a cloudy appear¬ 
ance; in some of the cells (probably degenerate elements) it stains a 
dense opaque mauve with haemalum^eosin. The nucleus is usually 
central and varies in shape from spherical to somewhat ovoid; occa¬ 
sionally it is double. The average nuclear diameter is ca. 16/*, but 
the size is variable. There is a sharply delineated nuclear membrane 
and a finely divided, granular, and evenly distributed chrcnnatin. 
The nucleoli are one, two, or occasionaliy th!ree in number and 
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moderately to markedly eccentric. The n : N ratio is usually 1 I 25. 
OcHsasional thick strands of connective tissue course through the 
tumour; they carry the larger blood-vessels and are often invaded 
by the neoplastic cells. The mitotic index is 2. 

The tumour described seems to correspond with Schlegers 
curcinovm viediillare, which he indicates is the most frequent type 
of primary carcinoma of the testicle. In the human pathology the 
classification of testicular tumours is a matter of great difficulty and 
considerable controversy. It would appear that this tumour of the 
dog corresponds with the embryonal carcinoma (Ewing) or seminoma 
(Chevassu, 1906) of man and one is certainly impressed by the 
embryonal character of its cells. Ewing considers such tumours to 
be one-sided developments of mixed neoplasms, but until such time as 
further studies may be made of the histogenesis of these tumours in 
animals, the accepted classification of the veterinary literature will 



Fro. 60.—Structure of caroinoma of the testicle (seminoma) in the dog, (14319; 200 X). 


Transitional Cell Carcinomas of the Us!, 

Carcinomas classed by Ewing as transitional cell carcinomas 
were found four times; all cases affected bovines and the site in two 
cases was the nasopharynx and the ethmoidal mucosa respectively 
while in the remaining cases only the secondary glandular lesions 
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were 8ubinitted(*). Tumours of the mucosa of the ethmoturbiuates 
of Irvines are best known in Sweden, in which country, according 
to Stenistrom (1915) and Magnusson (1016), they occur with striking 
frequency and apparently in endemic form. They are also seen in 
that country in horses, although less frequently. According 1o 
Magnusson, who made a careful histological study of these interest¬ 
ing and apparently(!) contagious tumours their nature varies from 
carcinoma or adenocarcinoma to sart'oma, and mixed tumours of 
these two entities occur. He indicates further that on the same farm, 
the tumours, or at least the majority of them, have a similar histo¬ 
logy. The fact that tumours of a similar nature occur in this country 
is worth record. Only one case is here reported, but since this was 
obtained another has come into my possession. In this second case 
(which is not here recorded) recognising the nature of the growth I 
inquired whether other animals in the same byre were similarly 
affected and found that two cows in one byre had at the same time 
shown similar symptoms. It thus appears that as regards not only 
the i>athology but also tbe epidemiology of these tumours we have 
probably here to deal with the same phenomenon as has been repoi*ted 
by the Swedish authors. Doubtless more cases would come to notice 
if practising veterinarians were aware of the almost pathognomic 
significance for this disease of the following syndrome in bovines: 
deformity of the face due to swelling of the frontal and maxillary 
regions (i.e. the region of the paranasal sinuses), dyspnoea, disc harge 
of blood and pus from the nostrils, unilateral exopthalmos, and often 
(later) swelling of the pharyngeal lymjih-nodes and nervous symptoms 
(^ madness ^0* The first case of this disease which came to our 
notice is reported here (from Pietermariteburg), the second two cases 
occurred in Johannesburg, 

(Bovine, 16245.) 

The subject was a Fries cow, 12 years of age which was destroyed 
owing to a diseavse of the head(’)*.' At post mortem a marked hard 
swelling of the right side of the head W’as seen, extending from the 
base of the horn to the lower limit of the maxillary sinus. There was 
a defect (ulceration) in the region of the right supraorbital process. 
Marked right-sided exopthalmos was present and the conjunctival 
sac was filled with pus. The bones at the base of the honis and over 
the frontal and maxillary sinuses were soft (easily cut with a knife). 
The frontal and maxillary sinuses were distended with fluid. The 
specimen sent in consists of the orbital region and the neighbouring 
parts of the right side, from which the skin has been removed. The 
eye not only protrudes markedly (exopthalmus) but is displaced 
owing to pressure from the postero-superior aspect of the eye-ball. 
The external aspetd of the cheek region bulges outwards and the 
bones are covered by a thick layer of firm w’hite fibrous tissue 
(periostitis fibrosa) and are softer than normal (osteitis fibrosa). On 

(*) It is possible that in other cases diagnosed as secondary carcinomas 
transitional cell tumours were concerned. Although in tbe two cases mentioned 
above it was possible to recognise the variety of carcinoma, one cannot be 
certain that with increasing anaplasia this might always be the caee. 

1 am indebted to Mr. Faine, M.K.C.V.B., and to Mr. Osrrn, B.V.fic,, 
of the Alleirton Laboratory for many details of this case. 
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its interttal aspect the specimen shows a large tumour mass medial 
to the orbit and occupying also the frontal sinus and the orbit. The 
medial (bony) wall of the orbit is perforated and the mass continues 
from the sinus to the internal aspect of the hulbus oculi, which is 
rotated upwards and backwards owing to the pressure, so that the 
pupil lies close to the dorsal margin of the orbit. The tumour tissue 
is yellowish-white and firm, almost fibrous, in consistence. Medially 
it has u cut surface which would have been in close proximity to the 
ethmoid bone; and on inquiry from Mr. Osrin, who had performed 
the autopsy, he agreed that the disease had apparently commenced 
ill the ethmoidal mucosa. The aboral portion of the maxillary sinus 
is present ami shows the presence of fnngating grow’ths of diffuse 
distribution replacing the mucosa. These tumour masses are of a 
softer consistence than the first-described mass. 

Microscopically the tumour tissue is seen to consist of a variable 
and often very large amount of connective-tissue stroma, which for 
the most part is richly cellular, forming bundles of proliferating 
fibroblasts with collagenous tissue which course in various directions 
and support aggregations of epithelial cells w'hich are usually 
arranged in elongated branching strands two or more cells in thick¬ 
ness. Some of these cell-strands show Inmina filled with degenerated 
cells. The cells often show a tendency to some preservation of 
polarity and are <‘uboidal in type, but more often there is loss of 
polarity and absenc'e of a lumen, and the cell-shape is polyhedral. 
The nuclei tend to be hypercliromatic and the nuclboli, which number 
two to four, are often considerably more prominent than in normal 
glandular epithelium. Mitoses are fairly frequent (index:n=3). In 
other parts, especially at the growing edge of the tumour mass, 
where occur spicules of decalcified bone with numerous osteoclasts at 
their borders, the cells are arranged in more rounded alveoli without 
Inmina and the stroma is less in amount although very richly cellular. 
The fibroblasts of the stroma show occasional mitotic figures and 
rather more prominent nucleoli than usual, but the size of the latier 
is still considered to be within the normal limits for rapidly prolifera¬ 
ting connective-tissue elements and therefore the cells of the stroma 
are not necessarily to be regarded as malignant (e.g. as in a mixed 
tumour). The cytoplasm of the neoplastic epithelial elements is 
fairly homogeneous or very faintly granular and is acidophilic; no 
intercellular spines are seen. Centrally the cells may be irregularly 
degenerated to form false Inmina. Small (!ysts are j)resent in other 
parts, imi)erfectly lined by neoplastic epithelium and containing 
necrotic neoplastic* cells and dense, hyaline, acellular masses reacting 
strongly with acid fuchsin (collagen); there are also present frag¬ 
ments of the (resorbed) bone. Intermediate stages of decalcified bone 
surrounded by osteoclasts and lying in epithelial-lined Inmina are 
also to he found. In parts the stroma is hyaline and consists of 
fibrous tissue whose blood-vessels are surrounded by a mantle of 
lymphocytes mixed with proliferating fibroblowsts. In one part 
deformity of the veins of the stroma is caused by the pressure of 
(contiguous neoplastic alveoli: tlie tumour cells may penetrate as 
far as the intima, reducing the lumen to a small slit; in one case 
actual vascular invasive giwth is seen, a vessel being lined by 
tumour cells which show a distinct tendency to keiatinisatiou; these 
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c^lls ofte» have bizarre nuclei and appear much more closely related 
to squamous than to glandular epithelium. This lining of the 
vascular lumen is several cells in thickness and only the inner layer 
shows to a marked degree the changes mentioned, the outer cells 
somewhat resembling “ basal epithelium Due to this invasion 
only the adventitia of the vessel persists; but it has a patent lumen 
containing (circulating) blood. In tbe same section showing these 
changes are to be seen alveoli whose cells have considerable keratini- 
sing tendencies: they are polyhedral, squamous-like elements with 
distinct intercellular boundaries (cuticles) and very prominent 
acidophile nucleoli. Such alveoli may also he associated with a pro¬ 
nounced lymphocytic infiltration of the contiguous stroma, and 
appear to be surrounded by a zone of lymphocytes and proliferating 
fibroblasts. 

Remarks .—The post-mortem findings allow one to say beyond 
reasonable doubt that this tumour had its inception in the ethmoidal 
mucosa, and both the gross patholog;^’^ and the histological structure 
present a close agreement with €%hmoidal tumours of boviries 
described in the literature. Tumours of this histology fall appro¬ 
priately into the class of transitional cell carcinomas, by which is 
indicated malignant tumoxirs intermediate in character between 
glandular carcinomas and acanthomas. In this (iase the epithelium 
may be cuboidal in type, lining lumina, or it may undergo keratini- 
sation. The presence of bone in the tumour tissue is a result of the 
great destruction of pre-existing bone which its adyamie through the 
skull occasions. The presence of rapidly proliferating fibroblasts and 
dense masses of lymphocytes often in intimate relation to the 
epithelial alveoli is also probably to be interpreted as secondary 
manifestations in the stroma, not justifying a diagnosis of a mixed 
neoplasm. One is tempted to question (albeit, oii the basis of this 
one case, diffidently) whether the carcinosarcomas of the 
ethmoidal mucosa which have been reported in Europe should not 
also be regarded as simple tumours, with marked ‘‘round-cell” 
infiltration and even proliferation in the stroma. This tumour, aris¬ 
ing from the ethmoidal mucosa, is most favourably situated to undergo 
the invasive spread which it accomplishes, viz., into the nasal 
chamber, the maxillary and frontal sinuses, and the orbit. 

Diagnosis .—Transitional cell carcinoma arising in the mucosa 
of the ethmo-turbinate and invading the paranasal sinuses, the orbit, 
and the bones of the skull. * 
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Tumours of Epithelium (Concld.): The Special Problems 
Primary Epithelial Neoplasms the Liver and the Thyroid. 


EPITHELIAL TUMOURS OE THE LIVER. 

I> deference to an almost universal tendency in tl)e literature, 
which is, in view of the problems involved, a very correct attitude, 
it is proposed to discuss under this headin;^ all primary epithelial 
tumours of the liver, whether benign or malignant, together with 
the tumour-like hyperplasias which characterise the pathology of this 
organ. 

An excellent uc(iount of primary liver cell carcinoma is given 
by Hoogland (192(i) who has also summarised all the older literature. 
t)f the latter, perhaps only the observations of Trotter (1904 and 
1905) give a detailed description of the gross pathology of a large 
number of cases while unfortunately the histopathological observa¬ 
tions are by no means so closely recorded as could be desired. 
Hoogland, on the other hand, enters into considerable detail regard¬ 
ing the histological appearances, indeed to a degree but seldom seen 
in the veterinary literature. It is hoped that the observations made 
in this paper, although more limited as regards the 8]»ecie8 distri¬ 
bution, may yet add something of value in the way of more minute 
desci’iptions of the c^’tology of these tumours. 

Ci..issiriCATioN ANn Nomknci.atiire. 

True primary epithelial tumours of the liver are divided into 
thovse arising from the hepatic ])arenchymal cells and those arising 
from the inlrahepati<- bile ducts.f’) In regard to the former group, 
it is well known from an extensive literature in regard to these 
diseases as they affect man, that the greatest difficulties and contro¬ 
versies have existed (a) in regard to the definition and criteria to 
be used in the discrimination of actual neoplastic processes from 
localised hyperplasias of the hepatic tissue, and (b) with reference 
to the definition and discrimination of benign and malignant 
tumours. It is now fairly universally admitted fsee for example the 
extensive review of Herxheimer (1930)] that no sharp line of dis¬ 
tinction can be drawm between nodular hyperplasias, adenomas, and 
carcinomas, and it is very generally conceded that the one process 
may be the direct forerunner of the next. This fact does, not, how¬ 
ever, absolve us from the duty of discriminating between these three 


S There is also the question of hypernephromas (tumours of adrenal 
arising primarily in the liver of man, but not observed in animals. 
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types of proliferation wherever possible and of indicating by a clear 
terminology, at least in typical oases, which of the three processes 
is in operation. The tendency of some authors to escape from the 
dilemma by the use ol non-committal terms such as hepatoma('*) and 
“ malignant adenoma ” is therefore to be deprecated, although it is 
very understandable. It is not to be imagined, because we dis¬ 
criminate hyperplasias, benign tumours, and malignant luinouis of 
liver cells, luimiug them hyperplasia, adenoma, and carcinoma 
respecdirely, that these processes are ligidly distinct or that uc are 
not alive to the extreme difficulty of separating them in many cases. 
A further (*ontusi<)u in classification arises fiom the inability to dis¬ 
tinguish (in certain s])ecies at lea<^l) between lummirs of liver cells 
tiinl of bile-duct eell^. It is commonly believed that heie also no 
sharp border-line exists, and that intermediate forms occur. This, 
however, has not been <mr experience in domestic auimaU. Lastly 
it has been common in vetorinaiy pathological diagnosis to report 
“ carcinoma of the liver *^hiiking the decision as to whethei the 
lesions are primary or secondary. It is most important to do this 
ill every case, and we have not encountered cases in which, even 
though only liver was available for examination--and j)erhaps even 
but a fragment of the organ, this dis<*iimiiiation presented serious 
difficulties. 

Gieat confusion exists inoie esiiecially in the indi^ciiminate 
interchange ol the terms adenoma and carcinoma in the literature. 
In view" of the fac»t that it is generally admitted that, on piiiely 
morphological criteria, no nniveisally valid distincti<»n can be made, 
we here follow Herxheimer in considering this distinction not one 
dependent on presence or absence of anaplasia, on presence or absence 
of (especially extrahepatic) metastasis, or on presence or abseiu^e of 
of encapsulation; but purely on the criterion of whether or not an 
intravasc ular invasive tendency is present. Vor the liver-c*ell tumours 
at least, this remains our only anchorage in a sen of difficulties. 
Many of the i>omts outlined here wdll become deaiei as the dis¬ 
cussion of the pathology proceeds. 


1 ICrrilRFNCh. 

Considering domestir* mammals as a >vhole, primary liver tumours 
are among the most frequent of internal epithelial neoplasms. 
Trotter’s {Ioc\ cit.) well-known and oft-quoted work in connection 
wdth liver carcinoma o{*bovines need scarcely be mentioned here. 
His record of 149 oases (as corrected by IToogland) among fJOO bovine 
tumours gives a clear conception of the great frequency of the disease 
in bovines, and Hoogland’s work also indicates the frequency of 
primary liver tumours among dogs and cats. Among other animals 
(sheep, horse) one gathers from the records that primary epithelial 
liver tumouis are less frequent, while for the goat no cases have 
been described, llegarding birds, floest and Ernesti (1916) have 
briefly described 4 cases, in 3 of which they considered the diagnosis 
of primary hepatocellular carcinoma to be certain* 


(**) There (*an, however, be no objection to the term hepatoma when used 
to denote the general group of hepatocellular neoplasms, whether benign or 
nmliij^uant. 
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I. Hepatocellular Tumoufs. 

A. Cahcij^oma Hepatocelltjlahe. 

This tumour is encountered most frequently in bovines, all of 
Trotter’s cases and also those described by Hoogland being of the 
liver cell variety.It is undoubtedly the commonest malignant 
internal tuniour of oxen. It is similarly to be regarded as a common 
tumour of sheej)—(although relatively few cases of neoplasia in this 
animal have been seen, some 8 certain cases from the literature are 
mentioned by Iloogland). The tumour has not been recorded 
with certainty in other domestic mammals (dog, cat, horse) and 
although primary liver carcinomas have been recorded in the pig 
by dohne (1899) and Ravenna (1913) it is not known to which variety 
they belonged, while Feldman (1932) mentions a lesion in the pig 
diagnosed as “ hepatoma, with early carcinomatous changes In 
fowls three cases were described by Joest and Ernesti (1916). In 
South Africa the inciden(‘6 of carcinoma hepatocellulare appears to 
be similar to tliat in other countries, and in the Onderstepoort 
collection these growths are encountered most frequently in bovines 
(5 cases) and ovines (4 cases), while there is one example from the 
domestic fowl and two from species not stated, one of which was 
considered possibly to be a dog. 

PATHOLOGY. 

(i) Cases in Bovines. ^ 

Case 1 {Bovine, 2121). 

This tumour was described as being situated in the right lobe of 
the liver, ineasuring 24 x 18 cm. and bulging beneath the capsule. On 
examination of the slices which constitute the museum specimen, 
the neoplastic tissue is seen to be lighter in colour than the surround¬ 
ing liver tissue, the fresh specimen having been described as lighi 
brownish and glossy in appearance. It is imperfectly encapsulated, 
there being many outlying nodules (1 to 2 cm. in diameter) in the 
surrounding tissue. It contains a large central cavity 14x6 cm. 
lined by fibrous tissue and having gelatinous and cheesy necrotic 
contents. In other parts also there are large areas of softening, 
apparently composed of fibrin. In ]>arts the tumour shows distinct 
connectiA-e-tissue septa demarcating irregularly rounded areas 3 mm. 
to 3 cm. in diameter. In other parts the texture is uniform. Pene¬ 
tration of an hepatic vein was descril)ed macroscopically. 

Microscopically, the tumour is in large part of ils circumference 
situated directly beneath the greatly thickened capsule of the liver, 
which provides an effective limitation. For the most part, colla¬ 
genous stroma occurs only as the adventitia of large blood-vessels 
of both arterial and venous type which course through the neoplastic 
tissue, and in most parts there is little suggestion of a lobular struc¬ 
ture. The parenchyma consists of cords of cells (one or two elements 
m thickness) which sometimes have an indistinctly radial arrange¬ 
ment in relation to the larger blood-vessels. These trabeculae appear 

(^) Roogland considered one of his bovine cases as being of mixed type. 
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in transection as alveoli whicli not in£ireq;u6ntly but not usually 
show an insignificant central lumen (usually less than 7/i in diameter) 
around which the (?ells may be radially arranged. 

The cells have an outspoken resemblance to hepatic cells, being 
polygonal in shape, not very sharply outlined, measuring some 12fi 
to 16/t in diameter, with dense, finely granular cytoplasm which 
stains with haeiualum-eosin an 0|)aqiie pink^mauve, and single, 
central nuclei which vary more in size than do those of the liver 
ceils, These^ nuclei are of short-oval shape, sometimes with slightly 
angular outlines, and vary from G/* to Io/a in long diameter, the 
latter size being exceptional. Like normal hepatic cell nuclei the 
typical ones show u moderately prominent chromatin network, but 
many are affected by pycnosis. The nucleoli, of which usually a 
single central one is visible in each nucleus, are rather prominent, the 
n : If ratio appearing distinctly increased; n ' N ratios of 1 : y are 
encountered frequently, although in the majority of the nuclei the 
ratio is in the neighbourhood of 1 : 14. The cells show neither fatty 
changes nor pigmentation. Multinucleate cells are not seen. 

The trabeculae formed by these cells are demarcated by a stroma 
which is exclusively of capillary nature, no collagen but only reti¬ 
culum fibrils occurring in the intertrabecular areas. Areas of fresh 
haemorrhage are frequent. There are also large necrotic tracts (com¬ 
posed of necrotic fibrin, encapsulated by connective tissue and some¬ 
times showing a partial calcification) into which fresh haemorrhages 
have occurred at the periphery. The blood cells in such areas are 
intimately mixed with free and well-preserved tumour cells. The 
tumour cell strands can be seen to grow invasively into the walls of 
the larger veins of the stroma, even abutting on the intima. Actual 
sites of pentration were not discovered by a search of the sections, 
but clumps of free tumour c^lls mixed with the blood in such vessels 
could frequently be seen, attesting that intravascular pentration had 
occurred. 

In limited parts of the tumour a fairly regular arrangement of 
branched and highly collageuised connective-tissue trabecmlae demar¬ 
cate large lobules "of the parenchyma, which has a more comjiact 
appearance due to the capillary stroma being narrower and less con¬ 
spicuous. Here also the small lumina described previously and the 
radial arrangement of the tumour cells around them are of regular 
occurrence, while the nuclei are more regular in size and their nucleoli 
less conspicuous. 

Mitotic figures were not seen. 

The liver tissue shows a cirrhosis, chiefly of the perilobular type, 
but in parts there is also intralobular penetration of the connective 
tissue cutting up the liver cells into small gmiips. There is in parts 
considerable round cell infiltration. 

Remcurhs .—^This very large tumour has a structure which is that 
commonly associated with adenoma: anaplastic changes are slight, 
mitoses are not seen and one is impressed with the orderly arrange¬ 
ment of the ceils. Tet the evidence of intrarascular penetration, 
jespecially .^soeiated with the occiurence of secondai^ nodules in 
the immediate vicinity, necessitates a diagnosis of malignancy. 

.D«ayi»asi».~Garcinoma hepatoeellulare. 



hepatocellxjlae tumours. 


Ca^e 2 (Bovine 3224). 

Macroscopically, the specimen consists of a portion of bovine 
liver, not otherwise visibly altered, but eontaininp^ a solitary rounded 
tumour measuring 11 by 8 0 cm. At part of its circumference it 
bulges directly beneath the capsule of the liver while at other parts, 
although there are to the naked eye but faint indications of encapsula¬ 
tion, it yet appears clearly offset from the surrounding liver tissue, 
which is darker in colour. Occasional thin strands of connective 
tissue course through the neoplasm and these somewhat imperfectly 
demarcate solid, rounded masses of tumour parenchyma 1 to 6 cm. 
in diameter. In places there are small haemorrhages (*5 cm. 
diameter). Parts of the cir(‘umference are limited by the walls of 
hepatic veins, into which there is no visible penetration. Centrally 
there is a large, dark, opaque (necrotic) area ca. 7 cm. in diameter 
and having a deep red (haemorrhagic) margin. This area is separated 
from the tumour tissue by connective tissue. Microscopically, a dis¬ 
tinct but very thin connective-tissue capsule is seen to enclose the 
tumour and in it oc^ciir many veins of considerable size. The tumour 
shouts only very occasional supporting strands of collagenised con¬ 
nective tissue, most of the collagen being confined to the larger blood¬ 
vessels. As in the previous case the neoplastic tissue is composed of 
trabeculae (usually two cells in thickness) whose cells have an unmis- 
tukable resemblance to liver cells: they are polygonal elements 
somewhat variable in size (lOju. to over 20ju in diameter), moderately 
distinctly^ outlined, with single, central nuclei similar to those of 
hepatic cells, but niore variable in size and us^ially considerably' 
larger. The nuclei measure 7 5/jl to 10-5/4 in diameter, while larger 
and obviously degenerate ones may reach a diameter of 15/4. These 
degenerating nuclei are fairly common and show' a distinct chroma- 
tolj'sis, the central portion of the nucleus being unstained (i.e. com- 
idetely' dissolved out) or showing a little cloudy granular debris, while 
the chromatin is segregated at the peripheiy causing a marked 
thickening (up to 1*5/4) of the nuclear membrane. Such nuclei often 
appear like large vacuoles w'ithin the cells. The nucleoli are nearly 
alw^ays prominent, n:N ratios of 1:9 being commonly^ encountered, 
although 1:14 represents a more average figure. 

Regarding the cytoplasm of the tumour cells, a feature is the 
variation in staining reaction, not only from one part of the tumour 
to another and from one <-ell to the next, but actually within one and 
the same cell. Thus the cytoplasm may be distinctly eosinophilic or 
distinctly basophilic. It is not knowm whether this may not be an 
artefact due to the long preservation (13 years) in Kaiserling. How¬ 
ever, in some sections this variability is not seen and of these it can 
be said definitely that the cytoplasm is less eosinophilic than that 
of the liver cells. The cytoplasmic granulations are fine and incon¬ 
spicuous. Lumino are seldom seen and when they occur are small 
and ill-defined, no distinct radial arrangement of the cells being seen 
around them. The cell trabeculae are separated by a stroma 
exclusively of capillary nature and only moderate in prominence. 

In one section evidence of invasion of a capsular vein is seen and 
this is confirmed by the presence of circulating tumour cells in the 
portal radicles of the surrounding liver tissue. Apart from this the 
liver shows no significant changes, and no fatty changes or pigmenta¬ 
tion are seen either in the liver or in the tumour parenchyma. 
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liem-arLs,---Tlm tumour iu its general nature is similar to Case 
1, TiK., it possesses u more “ adenomatous '' type of structure and 
shows little anaplasia. Yet it shows intravascular invasion, although 
metastases are not set up. It is to fee remarked that the sterility of 
emboli is no criterion of a benign nature; on the contrary, the 
occurreiH^e of vascular invasion, whatever its results, must fee held as 
the final arbiter of malignancy in liver tumours, 

Diagnosu ,—Oaninoma hepatocelhilare. 



Eto. 01.—Carcinoma hepatocellularo o£ tho ox. (5608; nat. size). 


Case 3 {Bovme, 5608). 

The siibjecl was an /iged (16 years) Friesland co\v in good con¬ 
dition which was slaughtered on account of sterility. It was stated 
to have been of senile appearance(*). The specimen (Fig. 61) consists 
of a portion of the liver in which is present a rounded growth 4-6 cm. 
in diameter, for the most part enclosed within a distinct connective- 
tissue capsule but at one part of its circumference pw>truding into 
the liver tissue, from which however it appears fairly distinctly 
demarcated. The consistence resembles that of the liver tissue but the 
colour is much lighter, except in extensive haemorrhagic ams which 
are present especially towards the centre and which are assocsiated 


details are taken from the work of Quialan (1W9, I5th Report, 
D.v.S. at p. 027) vfho investigated the cause of stenHty in thie animal but was 
not <<k>i|ceTned with the other pathologieal leatui*^. 
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with strands of connective tissue. In parts a finely lobulatcd pattern 
is seen—vaguely demarcated areas 1 to 2 mm. in diameter. The 
remainder of the liver is not visibly altered. 

Micros(^opi(•ally (h^gs. (i2, (>3 and (»4) there is in parts a distinct 
connective-tissue encapsulation (Fig. 62) rich in both arterial and 
venous blood-vessels. In other parts this capsule is absent and the 
tumour cells make direct contact with ihe hepatic parenchyma (Fig. 
63). The structure varies somewhat. In general there are elongated 
columns of cells (usually two cells thick, sometimes more) which have 
a distinct resemblance to liver cells, being polyhedral and having an 
opaque granular cytoplasm and somewhat chromatin-poor, rounded to 
oval nuclei which show a distinct coarse-mcshed chromatin network. 
The following differences between the tumour cells and liver cells 
are noted: (a) they are more variable in size than normal liver 
<*ells, measuring between 1-yft and 30/x in diameter; (h) the cytoplas¬ 
mic granulations are on the whole a little more distinct, but the 
liver cells in this material are themselves extremely variable in this 
respect so that the difference is not constant or striking. The 

granules are, however, less eosinophilic in the tumour cells than in 
the liver cells; (c) the nuclei are fairly regularly larger, measuring 
10-5 to I2fi in long diameter as compared with 7*5 to 9/i for the 
liver cell nuclei; {d) the average nucleoli of the tumour (^ells bear 
an areal ratio to the nucleus of 1 I 14 to 1 .* 25. (In the liver cells, 
this ratio is usually greater than 1 I 25.) When it is also remem¬ 
bered that the tumour cell nuclei are enlarged, it will be seen that 
this imi)lies a marked absolute enlargement of thfe nucleoli of the 
iieoidastic cells and they are in consequence considerably more 

j)r<miinent than in the liver ( clLs; (e) sheaves of needle-like crystals 
are frequent in and among the tumour cells. They stain very 
weakly with Sudan III, 

The tumour cell cohuiins are sejiarated by a stroma whicdi consists 
exclusively of capillaries with associated fibrillar reticulum, no 
collagen being seen. This is a prominent feature. In some parts, 

however, there are also present trabeculae of loose and open 

collagenous tissue carrying larger blood-vessels and these may com¬ 
pletely or incompletely demarcate lobules of tumour parenchyma of 
very inconstant size. These lobules appear to correspond roughly 
with liver lobules, but central veins, bile-ducts, and a radial arrange¬ 
ment of cell trabeculae are absent. This structure occurs only in 
limited parts of the tumour. 

Small lumina, some 9/u (occasionally as much as loju) in diameter 
(Figs. 62 and 63) occur fairly Irequently and in transection the cells 
of the cords are seen to be" radially arranged around them. The 
larger lumina are irregularly bordered by the tumour cells w^hich do 
not at any time assume an outspoken columnar form. A fair 
number of shrunken cells with strongly eosinoiihilic cytoplasm and 
pycnotic nuclei are seen. Mitoses are absent. 

Occasionally, indications of vascular penetration may be seen, 
and tumour cells occur rarely within the veins of the capsule. In 
one section it is seen that there has been invasion of a medium-sized 
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vein of a connective-tissue trabecula immediately beneath the capsule: 
the vessel is lined by tumour cells which assume a more cuboidal 
form and grow into the vascular lumen as papilliform elevations 
(Fig* 64). 

The liver shows no other pathological alterations and there is no 
pigmentation either of the liver or of the tumour cells. 



Fig. 62.—Structure of the hepatocellular carcinoma of the ox shown in fig. 61 • Limited 
anaplasia and strict encapsulation at this portion of the circumference. (5608; 
260 X). 


Reimrlih .—This tumour had previously been diagnosed as 
“ liver-cell adenoma which is readily understandable when the 
regular apangement of the cells, the (at least partial) encapsulation, 
and the limited anaplasia are considered. The closer analysis under¬ 
taken here, especially of parts of the tumour (whici had not 
previously been sectioned) where aggressive growth occurs, renders the 
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Fio. 63.—^Another portion of the mai^ of the hepatocellular carcinoma shown in fig. 61: 

Failure of encapsulation and direct encroachment on the hepatic tissue at the 
right side of the field. (6608; 126 X). 



Fto. 64.--Penetiation into the lumen of a vein by hepatooellalar carcinoma of the ox (same 
case es figs. 62 and 63): Aasomption of a cystic papilliform type of growth as the 
tumour^lls line-out the intima of the vessel. (6608; 126 x). 
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above diagnosis untenable according to tbe criteria we are nsing^; 
and in spite of the absence of esteblishment of metastases, their 
possibility remains ami the growth must be considered malignant. 

Diagnosis .—Caioinoma hepaioeellulare. 

Case 4 (Bovine, 6072). 

This specimen has previously been described by de Sock and 
Pourie (1928) who kindly gave me permission to undertake a critical 
re-e!samination of their material. From their description we leai-n 
that the specimen consists of “ a piece of bovine liver . . showing 
the presence of a, circumscribed tumour * , . the tumour is present 
in the substance of the liver, but at one place it is associated with 
the capsule and <*an actually be seen on the surface of the organ. 
The capsule of the liver, over the neoplasm, stands out as a pale 
greyish-white area 4 cm. in diameter. Over the tumour the cajjsule 
is irregularly thickened and raised above the surface of the liver. 
In the substance of the liver it (the neoplasm) is found to be circum¬ 
scribed and sharply marked off from the apparently normal liver 
tissue by a well-defined fibrous capsule which varies in thickness 
from i cm. to 2 cm. In the latter thick portion there are several 
foci which vary in size from 1 mm. to 4 inm. in diameter, these foci 
vary in colour from i)ale greyish yellow to a pale green. The sub¬ 
stance of theS neoplasm shows a lobulated appearance. The lobules 
vary in size from those 2 mm. in diameter to elongated ones 1 cm. 
long. In between the lobules are reddish spots (haemojrhages) here 
and there. In places these assume a linear appearance and occur 
regularly throughout the substance of tbe neoplasm. The colour is 
for the most part green, but lighter shades of grej^ish and even 
yellowish green can be identified . . . lied spots and sometimes red 
lines occur in an irregular manner throughout the substance of the 
tumour To this description it should be added that the neoplasm 
is irregularly rouiuled in outline, that it measures ca. 4 cm. in 
diameter and that besides the snialler nodules present in the tumour 
capsule there occur several entirely outside the capsule but in the 
immediate neighbourhood of the main mass. These are fairly sharply 
circumscTibed but to the naked eye show no sign of encapsulation. 
There are further multiple foci 1 mm. to 5 mm. in diameter, distin¬ 
guished from the liver tissue by a lighter colour but not otherwise 
sharply demarcated therefrom. Further, the capsule appears very 
deficient if not entirely lacking in places and irregular masses of 
neoplastic tissue appear here to bud off from the main mass and to lie 
in immediate contact with the hepatic parenchyma. 

1 , 

Micrcscopically, in the sections available there is a flense 
collagenous capsule which completely encloses the greatei' ]^rt of the 
circumferem^ of the main tnn^our mass from the surrounding liver 
tissue, although it varies greatly in thiokn^s. From this capsule 
occasional trabeculae of collagenous tissue proceed through the sub¬ 
stance of the neoplasm. Apart from these and occasional blood-vessels 
accompanied by a little collagenous tissue, tbe stroma is entirely of 
cajpillary nature and demarcates one from pother the parenchymal 
units to bjs described. In general this capillary stroma is somewhat 
anme prominent than the corresponding u&frambulmr) capillaries of 
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the liver tissue. The tumour cells are arranged according to two chief 
patterns: (a) trahecsulae, usually two cells in thickness, which very 
often enclose a small central lumen around which (in transection) 
the cells are radially arranged. These lumina vary considerably in 
diameter (from 3// to Ibfi) and are moderately sharply outlined by 
the apices of the cells which however show no distinct cytoplasmic 
pndensation at Ihe free border; (h) solid alveoli, often some 60^ 
in diameter. There are all transitions between these tw'o types, but 
usually the one or the other predominates in any one part (or gross 
lobule) of the tumour and is separated from an area of the opposite 
pattern by a (Mmnective-tissue trabecula. 

The cells are of polyhedral shape and whether arranged in trabe¬ 
culae or in alveoli have an unmistakable resemblance to liver cells. 
In the trabecular units their cytoplasm inclines distinctly to an 
acidophilic reaction, staining a pink-mauve with haemalum-eosin, 
while in the alveolar porHons the cell cytoplasm is inclined to 
basopliilia. In both (‘ases it is finely granular. The cells arranged 
in trabeculae are usually somewhat larger (15/x) than those forming 
alveoli (llfi). 

It is noteworthy that the uurlei of the tmuour cells are less 
irregular in size and shape than those of the liver cells in the 
surrounding hcpata jiarenchyma, actual measurements being: liver 
cell nuclei ca. 4**V to lo/x in long diameter, tumour cell nuclei 6u to 
10*5/Ji, only very rarely 15 / 1 , average 7‘6/x; «iT>d it ^s clear that the 
liver cells in this tissue (cannot he used as a basis for comparison 
with the tumour cells. The tumour cell nuclei show no significant 
differences in nattern from that of the normal liver cell nucdeus, 
being only moclerately chromatic, although a minority of the nuclei 
show hyperchroinasia or pycnosis and a few irregular shrinkage. The 
nucleoli are not conspienous, the n ! X ratio seldom exceeding 1 : 33, 
Against this, the liver cells in this specimen often show ratios of 
1 ; 16 and even as must as 1 : 14. 

Fatty vacuoles in the tumour cells are not frequent except in the 
more central part of the tumour, where they occur in about half of 
the cells and reach the size of the nucleus. A hyaline degeneration 
in the form of pink staining (haemalum-eosin), glassy globules in 
the cell cytoplasm is also seen in these parts. In parts the lining 
cells of the capillaries are prominently filled w itli a light olive-green 
granular pigment and the same pigment is also seen within the 
cytoplasm of many of the tumour (*eils, altliough in smaller amount 
and not easily detectable except on close examination w'ith an oil 
immersion objective. Much of the pigment present is undoubtedly 
bile-pigment, but for a fiiller study of the ])igments present the 
original publication of de Kock and Fourie (1928) may be consulted. 

Binucleate cells are observed only very occasionally—(in the liver 
cells, on the other band, double nuclei are of frequent occurrence). 
The capsule shows pronounced invasion by the tumour cells, forming 
nodules some of which undoubtedly represent blood-borne metastases 
in the capsule, since an endothelial lining to the capsular spaces 
containing these cell masses could often be (dearly distinguished. 
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Fio* 65.—Structure qI focal hyperulasia (below and to left of centre) in the liver of a bovine 
which was also affCotea by hepatocellular carcinoma: The lesion is probably 
to be r^arded as precanoerous. Note the signs of anajdasia in the surrounding 
liver cells (arran^ in cords), and th^ larger and more irr^ular size as compared 
With the hyperj^tic cells arranged to surround small lumina. (6072; 500 x)» 
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Outside the capsule, lying within the hepatic parenchyma, are foci 
of cells in morphology and arrangement identical with the neoplastic 
cells. These, foci (Eig. (>5) are, far from being encapsulated, most 
indifferently circuinscribed and to all appearances in direct continuity 
with the surroiintling liver tissue. They disturb the normal lobular 
arran||fement of the liver, being composed of irregular, lumen- 
containing cell-trabeculae. Their capillary stroma is in continuity 
with that of the surrounding liver tissue. The cells as well as their 
nuclei are smaller than those of the contiguous liver tissue and the 
whole appearance is that associated with a primary focus, contra¬ 
dicting the data one expects to find in the case of a blood-borne 
metastasis. These foci should be regarded as adenomatoid hyper¬ 
plasias, although it is likely that they are prospe(‘tive adenomas and 
carcinomas. 

Within the tumour occur wide endothelial-lined blood-spaces, 
undoubtedly arising as a distension of the capillaries of the stroma. 
There are also the haemorrhages described by de Kock and Fourie 
and small areas of total necrosis. The capsule shows round cell ” 
and eosinophilic infiltration and in the neighbourhood of the infil¬ 
trating tumour foci shows also considerable fibroblastic activity. The 
mitotic index is ]. 

Remavhs, —Morphologically this tumour, like those previously 
described, is greatly lacking in signs of anaplasia and has a low 
mitotic index indicating a slow rate of growth. The “ orderliness ’ 
of the tumour tissue is here strikingly illustrated^ by contrast wdth 
the actual liver cells w’hich, if occurring in a tumour, would be 
described as exhibiting considerable anaplasia. Yet the tumour has 
formed intrabepatic metastases in its neighbourhood an<l 
infiltrates its capsule. It must therefore be considered as belonging 
to the malignant grouj) and the term adenoma used l)y de Kock and 
Fourie is therefore not a suitable one by which to describe it. The 
general ‘‘ unbalance ” of the liver cells in this case and the forma¬ 
tion of multiple foci of hyperplasia are interesting features which 
will be referred to in the general discussion. 

Diagnosis ,—Carcinoma hepatocellulare; and multiple adenoma¬ 
toid ” hyperplasia of the liver probably to be regarded as early stages 
of neoplasia. 


(Ja^e 5 {liovine, 9729). 

The specimen consists of fragments of bovine liver show’llng 
multiple fo(d of lighter colour (greyish) than the liver tissue. The 
larger ones are visibly encapsulated, the smaller ones not. They 
vary from 1 mm. to 1*5 cm. in diameter. Some are confluent. In 
their subvsttinee they show pin-point to piu-head-sized reddish areas 
(blood). On the surface of the liver they cause irregular small 
elevations of the liver capsule, covered by the serosa. The whole 
liver was stated to have been affected and to have been enormously 
enlarged. The periportal lymph-nodes were also described as 
affected, all other organs being normal. 
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Microscopically 66), one sees multiple foci, some distinctly 
encapsulated, otliers intimately infiltrating the hepatic parenchyma. 
They consist of a purely- capillary stroma supporting trabeculae of 
cells which have an unmistakable similarity to liyer cells. I^ese 
trabeculae lack orderly arrangement and directional pattern. They 
are most often two cells in thickness, but often also three or four 
cells in thiclmess. The cells are polygonal and their outlines as sharp 
as those of the liver cells. They are of variable size, measuring 7 5 
to 16/* in longest diameter; they do not as a whole differ significantly 
in size from the liver cells, but show more variation in tms respect. 
The nuclei are on an average slightly larger than those of the liver 
ceils. They vary in shape from spherical to short-oval. Their 
average diameter is G/* to 7-5/* and there is considerable uniformity 
of size and shape. The nucleoli, usually single and central, are more 



Fig. 06.—more frankly malignant hepatoo^ular carcinoma of the bovine; Multiple 
intrabepatic secondaries invading the liver tissue. (9729 ; 30 X). 

prominent than those of the liver cells, n : N ratios of 1 : 9 being 
frequently encountered, and the ratio is seldom less than 1 I 16. 
The nucleoli are thus very regularly enlarged. The chromatin 

S attem of the nuclei in most of the cells does not show significant 
epartures from that of the normal liver cell nucleus, the nuclei being 
only moderately chromatic. Hyperchromatic nuclei are, however, 
seen fairly fr^uently, relatively coarse granules appearing in the 
nucleus, especially in the zone adjacent to the numear membrane. 
The cytoplasm is finely but distinctly granular, the granules being 
Mmewhat more easily visible than Uiose in the liver cells. It is 
distmcuy less eosinophilic than that of the Hver cells, but is not 
basophilic, the colour (with haemalum-eosin staining) being a 
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distinctly pinkish mauve. Small lumina are frequently seen, with the 
cells somewhat radially arranj^ed around them (“ rosettes Larger 
lumina may also be seen distended witli serous (pink staining with 
haemalum-eosin) globules which may cause a distinct concavity of 
the distal borders of the enclosing cells, or the cells may even be some¬ 
what flattened or cuboidal in shape in consequence of the pressure. 
These larger lumina may often have quite distinct outlines and the 
enclosing cell borders appear as a thin sharj) retractile line. They 
often measure ifb/x in diameter. Small haemorrhages occur frequently 
in the neoplastic*, tissue. Fatty changes are quite insignificant, but 
a fair number of ueedJe-like crystals arranged in sheaves are to be 
seen. They slain very weakly with Sudan 111 and often lie apparently 
within the cytopluvsm of the tumour cells. Finely granular bile pig¬ 
ment (green) may be seen within the tumour cells under close scrutiny 
with highest magjiification but is not a striking feature. 

Many of the foin ap})ear to lie within pre-formed spa(;es and in 
some of the smaller ones an endothelial lining can be detected showing 
that the multiple nature of the tumour is to be ascribed largely, if 
not entirely, to iiitrahepatic metastasis. Distinct grow^th of the 
tumour elements within the portal veins in Glisson’s capsule (*an also 
be seen. The mitotic index is 2. 

The intervening liver tissue is often much (compressed. It shows 
a ])erilobiilar cirrhosis and bile-du(*t proliferation is also to be seen. 
Fatty cryslals may be found among the liver cells and bile-pigmenta¬ 
tion is also present. The Berlinerblnu staining is iiegatiA^e for both 
tumour and liver tissue. 

linnarka ,—The clearlx invasive growth of this tumour, respon¬ 
sible tor its o(*cuiTence as multiple foci, as well as the reported 
nudastasis to the regional nodes, leaves no doubt as to the malignant 
nature of .this tumour. Yet iji morphology it shows no distinct 
differences from the non-inetastasising tumours with wliich we have 
already dealt. 

Diagnosin, —t’arcinoma hepatocellulare. 

Summary of the Pathology of Carcinoma hepatocellulare in Bovmes, 

The five cases described illustrate the fact that among the cases 
of bovine hejiatocellular (;arcinoma in this collection there is scarcely 
one that in its histopathology fulfils the criteria by which frank 
carcinomas are usually characterised, and it is readily understandable 
that in two of the cases a diagnosis of adenoma had previously been 
made. The main lesson to be learned from the microscopic', study is 
that there are no universally applicable morphological criteria by 
which the malignant cell (in the sense of a cell capable of invasion 
and therefore at least potentially capable of metastasis) can be 
recognised. No minute (lifferences are observed between the cells of 
carcinoma and the cells of (non-invasive and non-metastasising) 
adenoma. In one case especially, the tumour cells are actually less 
irregular in morphology than the (as yet) non-neoplastic 
liver cells. However, there is no doubt that morphological criteria 
can be of great assistance in adding to the certainty of the knowledge 
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Fio 67.—^Margin o£ an liepatooellulair carcinoma of the sheep Above, right, limitation by 
the oonnectiye tissue of a portal tract; below, right, direct mvasion of the hepatic 
tissue. (19043, 120 X). 
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regarding exactly what iype of lesion one is dealing with, even 
though not of regular occurrence. In liver pathology it is as well 
to rid oneself of the commonly accepted conception, of the constancy 
of the morphological accompaniments of malignancy, for most of 
them are not applicable. Thus we see that encapsulation, which is 
partially or fully present in every one of the above tumours is no 
prerogative of ihe benign growth. Regarding the cytology, a fairly 
constant feature is the presence of a greater irregularity in cell size 
than is found in the normal liver tissue, but it must be remembered 
that, as illustrated by Case 4, this does not imply that the cells of 
carcinoma are more irregular in size than ciimormal but non-neoplastic 
liver cells. This irregularity is not constantly in the direction of 
enlargement, although larger cells than in normal liver tissue (e.g. 
30 /a) may be encountered in some tumours. The size-changes affect¬ 
ing nuclei are more constant and usually the tumour cell nuclei are 
larger than those of normal liver tissue; what is more constant is a 
greater variation in size, although, as shown by Case 4, this may not 
be so gieat as in non-neoplastic liver tissue. Generally the cell 
cytoplasm is more basophilic tlian that of the normal liver cell, but 
this also is inconstant and great variability may he found in one 
and the same tumour. The n ! N ratio was clearly increased over 
the normal in 4 of the 5 cases, in one however, the nucleoli remained 
inconspicuous while the nucleoli of the surrounding non-neoplastic 
liver cells often reached the average ratio for the nuclei of malignant 
neoplastic liver cells (usually in the region of 1 ; J4). Bile-pigmen- 
lation was present in only few cases, and in only orfe was it present 
in sufficient amount to affect the gross appearance of the neoplasm 
(‘* carcAnoma viride Small Inmina were found in every case, 
although not always in all ])arts of the tumour: they appear to 
occur regularly in the “ trabecular ’’ arrangements of the cells 
and to he a])sent in the ‘‘ alveolar form. They are mostly incon¬ 
spicuous, hut may reach a size of 3 o/a. They are to he clearly dis¬ 
tinguished from the outsj)okei» lumina of the bile-duct tumours to 
be described later, and the essentially polygonal tumour cells are 
never outspokenly columnar. A constant charactei istic*, is the almost 
exclusively capillary nature of the stroma. In many of the tumours 
this is (apart from occasional vessels) the only type of stroma present 
and it is to he regarded as one of the most important criteria of the 
hei)atocellular nature of a tumour. 

Regarding the gross pathology, theie was only one case in which 
on account of striking multiplicity the tumour would have been 
recognised mac.roscopically as clearly malignant. The other cases 
concerned either solitary, well eircumsc*T i!)e(l tumours or large tumours 
with inconspicuous se(*ondary nodules in their vicinity. Such nodules 
are difficult to distinguish macroscopically from primary hyperplastic 
foci which were present in one case. 3fo constant relation to cirrhosis 
was found, indeed the tumours were often found in otherwise per¬ 
fectly normal livers. 

It becomes clear that in the majority of cases of this tumour in 
bovines a close microscopic study of sections from several different 
parts of the neoplasm is a sine qua non in the correct estimation of 
malignancy. This must be based on evidence of intravascular in¬ 
vasive growth rather than on any purely morphological criteria. 
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Fio. 68. 


^ ®’ •• InTMive gMwtH into » vein of the 

^ letter by colottmar iieo{iIiwtio elements; note oontbuity 

with the RMue tyiwwl tumoto' tissue above. <19043; 215 x). ^ 
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(ii) UoBes in Ovines. 


Case 6 {Ovine, 13043). 

Macroscopically this specimen is a portion of ovine liver showing 
a non-eneapsiilated and not always distinctly outlined rounded 
tumour, of which the size cannot be accurately given (it was at least 
the size of a walnut). It is lighter in colour than the surrounding 
liver tissue wliich it appears to infiltrate. There are also portions 
of lung, showing especially along the ventral border multiple, 
sharply-outlined, often encapsulated nodules, situated within the 
pulmonary tissue and causing bulgings beneath the pleura; they 
vary in size from 1 miu. to 1 cm., the larger ones being encapsulated, 
the smaller ones not. They have a uhitish c*olour. 

Microscopically (Figs. 07, 08, and (i9) the liver contains an 
uiiencapsulated growlh whose margins infiltrate the adjacent paren- 
chyiria, although in some places they are limited by the adventitia 
of veins of the ])ortal system (F'ig. 07). A collagenous trabemilar 
stroma is absent, the stroma being fornied | apart from occasional 
thin-walled venous blood-vessels, into which penetration of the 
tuinour occurs and in which free tumour cells (*,an be found (Fig. 
08) J by capillaries which intervene between the trabeculae of tumour 
cells. The latter are arranged in columns two (!ells in thickness and 
in these an ill-defined central lumen may or may mot be present; 
it is always small (3 to I/jl) and sometimes scarcely visible (1/a). The 
cells are radially arranged around it. They are fairly distinctly 
outlined polyhedral elements wdth a clear resemblance to hepatic 
epithelium. They are variable in size (averaging 8 to 1()/a but reach¬ 
ing a diameter of 21/a); most of them are thus smaller than the liver 
cells, but the larger ones exceed the diameter of any normal liver 
cell. The cytoplasjn in most parts is faintly to definitely eosinophilic 
on account of the presence of fine granules and does not differ 
markedly from Uie liver ve]\ cyto]dasin. But in other parts the cyto¬ 
plasm may be definitely basophilic. The nuclei are central, usually 
single but ^uite often double, of sbort-ovul shape, and vary from 4*5 
to 9/a in diameter, averaging G/a (i.e. they are not different in size 
from those of the noi'inal liver cells). Occasionally slight irregula¬ 
rities in outline are seen. The nucleoli are prominent, one or two in 
number and the n : X ratio is usually between 1 : 10 and 1 : 32. 
Occasionally the larger bodies which will be described in greater 
detail in the following case and which are derived from nucleoli are 
seen: they have a glassy, unstained apjiearance and show ratios to 
the nucleus of 1 ,* 14 (actual diameter may be 3-4/a). Two of such 
bodies may be present within the nucleus. The nuclear pattern is 
moderately chromatic in type, and in uiost nuclei identical wdth 
that of the liver cells, i.e, reticular disposition of the chromatin, 
^me cells show' moderate hyperchromatosis of the nuclei, the 
chromatin becoming granular. In some parts of the tumour are seen 
small haemorrhages, small focal lymphocytic infiltrations, and also 
limited areas of fibrosis of the stroma. It is not seldom that the 
tumour cell trabeculae have a radial arrangement around a small 
vein, thus recalling the structure of the liver lobule. Mitoses are 
sparse, the index being 1. 
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Fig. 69.—^Pulmonary metastaais of t^e ovine iiepaiocellalar caroinoma (dhown in figs. 67 
and 68) i Invasive growth into a broneWle; round coU infiltration; above> tho 
neighbouring lung tissue. (13043 ; iOO X). 
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In parts there are occasional giant cells, not occurring in clumps 
but found several in close vicinity to one another. They are irre¬ 
gular in outline, measure up to 37/4 in diameter and have a massive, 
heavily chromatic (granular) nucleus, which may be twisted, or 
lobed, or irregularly quadrilateral, and does not show visible 
nucleoli. 

The liver tissue shows moderate fatty degeneration, central to 
midzonal in distribution, and not affecting every lobule. In the 
tumour also the fatty changes are patchy in distribution, affecting 
a minority of the cell trabeculae. But sheaves of crystals, reacting 
very weakly with Sudan III, are of constant occurrence throughout 
both the liver and the tumour. The liver cells show a moderate 
granular bile-pigmentation, which is less pronounced although 
detectable in many of the tumour cells. There is no haemosiderosis. 

Sections of the lung (Fig. 69) show that the metastatic nodules 
do not differ in essentials from the primary tumour. The larger ones 
are fully encapsulated, the smaller ones not, although they remain 
circumscribed. Enlarged nuclei are somewhat more freipient in the 
lung nodules and the uninuclear tumour-giant-cells descril)ed occur 
often (they were mistaken for megakaryocytes in the routine exami¬ 
nation). Lumen-formation is not piominent. Small haemorrhages 
and lymphocytic infiltrations occur regularly. Intranuclear inclu¬ 
sion of nucleolar origin o(‘cur more frequently and may reach a 
diameter of 6/4. They are hyaline, scarcely stained, and transparent. 
Their areal ratio to the nucleus may be 1 I 2. The cell cytoplasm 
is inclined uniformly to a basophilic reaction. In general the signs 
of anaplasia are more prominent, irregularities of nuclear size and 
shape, binucleate cells and even inultiniicleate cells (4-()) being seen 
more frequently and nuclear hyperchroraasia occurring more often. 
Bronchioles enclosed within the tumour nodules may resist invasion, 
but in other cases penetration of their walls is seen to be in process 
(Fig. 69), the neoplastic cells having reached the bronchial epithe¬ 
lium or actually having f)enetrated into the lumen. Mitoses are 
absent and were not disclosed by a prolonged search. 

Remarks .—This is a tumour of limited anaplasia showing 
invasive growth and establishment of blood-borne pulmonary 
metastases, which tend to be('ome (unlike the primary tumour) 
encapsulated as they increase in size. 

Dmtjnosis .—Carcinoma hepatocellulare with pulmonary metas¬ 
tases. 

Case 7 {Ovine, 13320). 

This is a portion of sheep’s liver originating from the Germiston 
Abattoir8('*) and containing a large, solitary, oval tumour measiuing 
8 by 10 cm., lighter in colour than the surrounding hepatic tissue. 
A large part of its circumference lies immediately beneath the 
capsule of the liver, where, although producing slight irregularities 
of the surface, it is covered by the serosa. At the margin, many 
vessels of venous type are seen in the thin connective-tissue capsule. 


(») The Institute is indebted to Mr. J. C'halmers, M.R.C.V.S. for this 
specimen. 
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Fxq, 70 ,—Margin of an hepatocdlular caroinotnit of the eheep: Note fatty changes in the 
neopl^c parenohyma, and tJie thic^ encapsulation against the normal liver 
tissue (below). (13320; 120 X )♦ 


im 





HEPATOCELT.tJLAU TtJlitOXJttS.. 


Micros<*opioally (Fij?s. 70 and also 10) there is seen to be a thin 
eonnective-tissue eajisule emdosing the tumour, which consists of 
trabecuilae, two to five cells in thickness, of elements having? a distinct 
resemblance to hepatic cells and which are demarcated by a capillary 
stroma m which no collagen is present. Very occasional larger 
blood-vessels of both arterial and venous tyi)e course through the 
tumour. 1'he tumour cells in large parts show pronounced fatty 
changes and in at least half of them the cytoplasm is almost (‘om- 
pletely oceuj^ied by a single large fat globule which displaces the 
nucdeus to the periphery and causes it to assume a crescentic 
(mformity in adaptation to the pressure. The cells are polygonal in 
shape, somewhat more variable in size (21 to 28/x) than the liver-cells, 
but cannot be said to be regularly enlarged as compared wdth the 
latter. Individual giant cells oc(*ur and w’ill be described later. The 
nuclei are how'ever usually definitelv larger in size than those of the 
liver-cells (which are m. 7*5/x in long diameter), many measuring 
10 to 15/x. The cytojdasin is finely granular and in staining and 
texture shows no nnticeable differen(*es from noriiial liver-cell 
cytoplasm. The nuclei are of the same shape (short-oval or rounded) 
as those of the liver-cells, AA’hi(‘h they resemble closely except that 
they tend to be less richly chromatic and tbeiefore usually stain 
somewhat more lightly. <)ne, two, or three nucleoli are usually 
visible in each nucleus. Of these, those that are, on account of 
the typical nucleolar staining reaction, readily identifiable as 
nucleoli are not all prominent structures although a< great many of 
them are enlarged and n : N ratios varying from 1 I 9 to 1 : 10 are 
often encountered (of. Ihe normal, uol exceeding 1 : 80 or at most 
1 : 20 ). 

Within the nuclei of a niiniber of the tumour cells are also 
present bodies which may be described as inclusions, but which 
a])parently are derived from nucleoli (Fig. 10). They are rounded, 
take on no stain, and are i)ertectly transparent, the nuclear chromatin 
on the side of them remote irom the eye of the observer being clearly 
visible on focussing to a lower plane of the section. They are sharply 
outlined by a fine membrane apparently derived from the surround¬ 
ing chromatoid material of the nucleus and thus in section appear 
as delicate rings. They may be situated centrally or in contact with 
the nuclear membrane, and may also lie in contact with a nucleolus 
of ordinary staining qualities. They vary greatly in diameter—from 
that of the nucleoli (viz. 2 or 3/x) to over 7-5/x. Two or even three 
may be present within one nu(deus. They may bear a (sectional) 
areal ratio to the miclens of as nimdi as 1 : 2*7, in ()thei* words may 
occupy between one-half and one-third of the (sectional) area of the 
latter! They are by no means especially aswsociated with cells showing 
either nuclear or cytoplasmic changes indicative of degeneration. 
Transitional forms between typh^al nucleoli and these inclusion bodies 
are easily to be found (i.e. there are nucleoli wbicli slain lighter than 
the normal brownish-violet shade, especially in their centres) and 
for this reason they are considered to repiesent vacuolated or 
hyalinised nucleoli; their areal relation to the nucleus should there¬ 
fore come into consideration in the estimation of the n : N ratio. 

In parts, giant cells measuring up to 57/* in diameter occur in 
small clumps. These, on account of their cytoplasmic and niudear 
characteristics are obviously derived from tumour cells (“ true 

157 



EMTHELIAT* TtrMOUKS OF hlVm. 

tumour Slant cells ”). They had in the routine dia^oeis been 
mistakenly called megakaryocytes: they may have a single much 
enlarged and lobed nucleus or multiple (e.g. half-a-dozen) separate 
but closely crowded nuclei; the nuclei often show degenerative 
changes (hyperchroinatosis, pycnosis). On the other hand their 
nuclei may be even smaller (e.g. 3^) than those of the other tumour 
cells and may lie uridely scattered in the cytoplasm. 

There is in many parts a considerable leucostasis within the 
capillaries of the stroma; the cells concerned are small lymphocytes 
and to a lesser extent neutrophiles. Such stasis is not seen in the 
surrounding liver tissue, which beyond compression in the immediate 
vicinity of the tumour show^s no alterations. In one section is seen 
massive grow'th of the tumour tissue within a large vein at the 
periphery of the capsule, clearly showing the invasive nature of the 
tumour growth. Outspoken lumen-format ion is not seen, but it is 
common for the cells forming the trabeculae to have a somewhat 
radial arrangement around a small and indistinctly bordered lumen, 
usually not exceeding 3/4 in diameter. There is no haemosiderosis or 
bile-pigmentation. The liver tissue shows only slight fatty changes. 
The mitotic index is 4. 

Remarks .—This is a solitary encapsulated tumour whose cells 
resemble liver cells both in morphology and in relation to a capillary 
stroma, but have enlarged nuclei and increased n I N ratio, wuth 
vacuolation of the nucleoli to form a type of intranuclear inclusion, 
and which show marked fatty changes. Small lumina are formed 
sparsely and in parts there is formation of tumour giant cells. Bapid 
growth is attested by the comparatively high mitotic index and the 
malignant nature is, in spite of the absence of (recorded) metastases, 
established by the evidence of intravascular growth. The tumour 
had been, previously, erroneously diagnosed as adenoma. 

Diag nos is .—Carcinoma hepatocellulare. 

Case 8 (Ovine, 16063). 

The specimen consists of the liver of a sheep slaughtered at the 
Pretoria Abattoirs. The renal extremity of the right (dorsal) lobe 
and the base of the caudate lobe are replacecl by a neoplastic, mass 
which is thinly encapsulated from the liver tissue or in other parts 
covered only by the serosa of the organ. It is roughly oval in shape 
and measures 9 by 6 cm. Caudally it abuts on the capsule of the 
kidney and the vena cava, neither of which are invaded, although a 
lobe of the tumour invaghiates the wall of the latter. The subserous 
surface of the tumour is uneven on account of the spherical lobes, 
•5 to 2 cm. in diameter, separated by fibrous trabeculae, of wliich the 
tumour is composed. These lobes, on section, are seen to be sharply 
outlined and to be further subdivided by secondary trabeculae; finally, 
polygonal lobules, ca. 1 mm. in diameter, much resembling those of 
liver tissue, can be seen, especially with the hand-lens. The tumour 
tissue has a pinkish-yellow colour, and its consistence (after 24 hours 
cold storage) is soft and friable. On section, it is seen to be thinly 
encapsulated against the liver tissue, but one extracapsular nodule, 
1*5 cm. in diameter, is present which is very poorly encapsulated 
although sharply circumscribed. The neoplastic tissue contains many 
calcareous particles in places. 
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Microscopically the typical structure of hepatocellular carcinoma 
is seen, and iu’ places there are direct invasive growth of the hepatic 
parenchyma and breaking through into veins whose intimas become 
lined by tumour cells now assuming a euboidal shape. The neoplastic; 
cells are arranged in solid or in small lumen-containing cords. There 
is often marked nuclear hyperchromasia, but the n ! N ratio is not 
prominently altered. The mitotic index is 2. 

Itevmrks .—This neoplasm, received in the fresh state, was 
readily diagnosed by means of a Giemsa-stained smear. The absence 
of an iiKTeased n : N ratio in an obviously malignant tumour is of 
interest. 

Diagnosis.- Carcinoma hepatocellulare. 


Comparison of Ovine with Bovine cases of Carcinoma 
It epatocel lulare . 

The only significant difference disclosed in the study of the fore¬ 
going cases in bovines and sheep is that in the hepatocellular tumours 
of the latter species in most cases (two out of three) intranuclear 
inclusion bodies derived from nucleoli are present whereas these have 
not been observed in the bovine tumours. Thai sindi inclusions are, 
however, not peculiar to the sheep is attested by their occurrence in 
other bovine iiiinours {vide thymoma and neurofibroma) as well as in 
other sjiecies (e.g. the dog and the fowl). As in the l)t)vine tumours, 
increase in n I N ratio is common but iii(‘onstant. For the rest, the 
morphology of the ovine tumours, boih grossly and microscopically, 
closely parallels what is found in the ox. In one of the ovine cases 
exirahejwitic (pulmonary) luetastases occurred, while in our own 
material we have found no such case in bovines. It is well known that 
extrahepatic luetasia^is of he])atocellular curcinoma is less freciiient 
in bovines than iiitrahej)utic metastasis, although many instaiujes of 
rei'ords both pulmonary and nephric secondaries are mentioned by 
Trotter (1904) and the same author (1905) re<*ords a case of trans- 
coeloinic imjdaiilation. Apparently, extrahepatic metastasis has not 
been jireviously reported for the sheep, excejd to the perijiortal lymph 
nodes (one case of FrenkeFs, 1924). True tumour giant cells 
occurred in two of the cases in sheep, but were not seen in the bovine 
tumours. Such cells, well known in “ hepatoma ” of man, are, how¬ 
ever, »*ecorded in the literature as occuirring in hej)atocellular tumours 
of the ox by Hoogland. It is obvious from a perusal of Hoogbind’s 
work that there is a general tendency to consider ‘‘ he])atomas of 
sheep as adenomas unless actual metastasis is demonstrated. The 
problem here is identical with that encountered in bovines and every 
tumour giving evidence of even a potential ability to form metas- 
tases must be classed as carcinoma. 

(lii) Carcinoma hepatocellulare in other species of Domestic 

Mamvmh, 

As has been indicated above, the only other domesticated 
mammalian species in which this tumour has been recorded is the 
pig, and even in the case of this animal a doubt exists {a) as to the 
liver-cell nature of the tumour in the cases of Johne (1899) and 
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Kaveima (19Jy—i)iil)lication not generally available) and (6) as to 
the carcinomatous nature in the case of Feldman, which xs not 
clearly indicated. In the domestic carnivores we learn from Hoog- 
land’s work that these tumours are unknown. It is therefore un¬ 
fortunate that in one of our remaining mammalian cases no record 
of the species concerned exists: it is thought that the animal con¬ 
cerned was most probably a dog, but no certainty exists and case 8 
(dog.^ 9810) uill therefore not be described in detail. 

(iv) Carcinoma hvpatocellulare the Domestic Fowl. 

There ih only one case of this tumoui in the thiderstepoort 
(ollection : — 


CuMi 9 {Fowl^ J 'iSlo). 

jMacroM oj)ically, the spccimen(^‘) {‘onsists of pieces of 0 }>aque, 
whitish, fiiable tissue stated to repiesent portions of a tumour whj<*Ii 
oc<*u})ie<l the wliole of one lobe of a fowl’s liver. 

Ill the following description constant reference is made to data 
concerning neo])lastic cells which wHll be unintelligible unless one 
knows the normal cytology and histology of the towl's liver. Fnfoi- 
hinately, of these only the most fragmentary and inaccurate descrip- 
lions are to be found iii the literature. While it is outside the scope 
ot this work to supply mch a deficiency, 1 have had to make use ot 
my own ohsei vatious in this connection. These are not lo be regarded 
us being of an accuracy greater than is necessary to make the descrip¬ 
tion of lire tumour understood. 

Microscopically (Fig. 71) under low’ magnification this neo- 
])Iastic ti*»siie hears hut a vague resemblance to avian hepatic tissue. 
The latter should not be des<Tibed (as it is in textboedvs) as lacking 
lobulation: on the contrary the regular uiTangemeiit of central 
veins and portal systems, wdtb (albeit indistinctly) radiating arrange¬ 
ment of the cell cords, a])pears to offer a close parallel to the structure 
of mammalian liver, in which however (lli^'hon’s cajisule is better 
develojred. Yet in respect of distinctness of lolmlatioii I venture to 
say that there is no greater difference betwetui the liver of the pig 
and that of the dog than between the liver ot the dog and tliai of the 
fowl. In this neoplastic tissue there is no lobular structure and 
('ollageiiouK stroma is completely absent, as aie also bile-ducts. 
Irregularly scattered blood-vessels of veimlar dimensions but lined 
only by endotlieliuin♦remind one of central veins. For the rest tln^ 
htioiim is purely canillaiy in nature and is far less conspicuous than 
is the normal intralobular system of the avian liver. Further, this 
stroma, far less distinctly than in the normal liver, separates tubular 
cords and also luoie solid masses of cells having a close resemblance 
to liver cells. The hiTneu-containing cords }>redoiuinate and the 
luuiina are far more prominent than in the normal liver, <*0 that an 
u<*inous ap]>earauce obtains under low magnification; and, if accus¬ 
tomed to mammalian liver tumours only, the observer would at first 
glance not suspect a tumour of hepatocellular nature. 

1 VUliers, M.H.C.V.S. of the St^n- 

bosch-Uisenburg Bchool of Agriculture. 
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In the noniial liver o£ the fowl the lumina enclosed in the cell 
cords much resemWe those of the manuiialian “ hepatoma They 
are quite regular in si«e and ijiconspicuous, measuring some 1-5/a in 
diameter, while the cell cords or tuhules, in cross-section, may be some 
23 to 30 /a in diameter. The lumen (as seen in transection) is en¬ 
closed by some four to six, most often by five cells. The liver cells 
are not correctly described as cubical (e.g. Bradley, 1915); their 
shape is that of a right prism whose faces are squares and whose 
base is the segment of a circle (a quadrant, or less according to ihe 
number of cells surrounding the lumen): this may readily be 
demoiistiated by comparing the outline of the cell as seen in longi¬ 
tudinal section (more or less a square) with that seen in transection 
of the tubular cord (triangular). 



Fio. Tl.-^HepatoceJlnlar carcinoma in the fowl: I)i«tuiet lumon-foni^^ 

of the tumo«<3^ cell« with regard to the walls of veins. (I 08 I 0 ; 220 X). 

(Jompared with this, the neoplastic luiuiua are seen to be rarely 
so small as the normal and they are much more variable m size, 
often reaching a diameter of over 2(V and often enclosed by as many 
m a dozen cells. The cells are, as is the case with normal hepatic 
cells, indistinctly outlined. On account of ihe larger size of the 
lumina, fewer of them possess the shape 

such are found bordering only the rarer small ^o™ usually, 

the larirer size of the lumma results in the cells assuming a shape 
more aiaehiug the cuboidal, or, to he exact, that of a prism whose 
ris are square® and whose base is a portion of a circle-segment 
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which has been truncated along an arc having the same centre as the 
circle but a lesser radius; or in the case where still larger lumina 
are enclosed the shai>e is frankly cuboidal. Polyhedral cells, as in 
the mammalian liver, occur in the solid cell areas. The cells do not 
differ notably in size from the normal, but are somewhat more 
variable, measuring 10 to 15/* in diameter. The cytoplasm while 
distinctly less acidophilic than normal is yet not basophilic; it is 
more finely granular than is the normal liver cell. It may be defi¬ 
nitely acidophilic in degenerating cells with pycnotic nuclei, w’hich 
are scattered throughout. The nuclei are single, seldom double, and 
rarely quadruple, and are much more variable in size than those of 
the normal liver cells, measuring usually between C and 12/* in 
diameter. They are thus on the whole enlarged, although smaller 
ones measuring as little as 3/* do occur. The nuclear pattern in a 
number of the cells does not differ from the normal (sparse chromatic 
network, hut slightly inclined to granularity). However, in most 
of the nuclei hyperchromasia is a prominent (hange and they are 
filled to a variable extent with relatively coarse chromatin granules, 
while in a number of nuclei there is a diffuse dark staining 
(pycnosis). The nucleoli are usually single or double and are mode¬ 
rately eccentric in position. They vary considerably in size, the 
average n ,* If ratio being*'on. 1 I 1^ but it often reaches 1 : 9. 
Moat are rounded, some slightly angular, or even spindle- 

shaped. As the normal n I N ratio of liver cells of the fowl varies 
from 1 : 36 to 1 : 14, it will he seen that the nucleoli in this tumour 
are enlarged. F'urther, there occur rather frequently the ‘‘ intra¬ 
nuclear inclusions of nucleolar derivation identical with those seen 
in mammals and described elsewhere in detail. These., w'hen reaching 
their fullest development, may almost fill the nucleus (areal ratio 
1 : 1*5) and are no longer recognisable as nucleoli, taking on no 
stain. Transitional stages in their development, beginning with a 
central vacuolation of the nucleolus, are to be found on searching. 
The bodies often occur in the nucleus along with a ‘‘ normal 
nucleolus. 

As mentioned previously, wide blood-vessels having only an 
endothelial wall are scattered through the tumour. It is usual for 
the tumour cells in contact with this endothelium to assume a some- 
w^hat columnar shape, wdth their nuclei sittiated in that portion of 
the cytoplasm remote from the endothelium (P'ig. 71). Evidence of 
actual penetration of these vessels by the tumour cells was seen 
occasionally and neoplastic cells may rarely be found free in the 
vessel lumina; they appeared degenerate. Pigmentation of ihe 
tumour cells or of the capillary endothelium was not seen and the 
lumina are without visible contents. Tbe mitotic index is 1. 

Diagnosu, —Carcinoma hepatocellulare. 

Remarks on the Pathological Anatomy of Carcinoma 
hepatocellulare in the Fowl. 

The publication of Joest and Ernesti (1916) lacks a minute his¬ 
tological and cytological description of the hepatocellular tumours 
of the fowl and it seems advisable, even on the basis of this single 
case, to attempt some comparison with the corresponding tumour of 
the mammal. 
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It is worth pointing out the following relations of careinuma 
hepatocelhilare to adult liver tissue: —In the mammal this tumour 
tends to assume the pattern of the adult avian or amphibian liver, 
Le. the predominant tendency is to the formation of small liirnina 
eiudosed by cords of prismatic cells. In the bird, on the other liand, 
the iumour resembles moie the myxinoid liver tissue, viz. it teiuls 
to form outspoken lumina enclosed by frankly tubular corcls of cells 
approaching a cuboidal shape. Engaging as this generalisi.tion may 
at fiist glance seeni, its inevitability becomes apiiarent when it is 
remembered that in general there is a tendency for malignant 
tumours to gi*ow in a patteim similar to that assumed in the embry¬ 
onic development of ihe tissue formed by tlie corresponding normal 
cells. This fact is of course well known and into it has only too 
often been read the implication that the essence of the malignant 
process is a reversion of “ adult ” cells to “ embryonic ” cells or 
p\eii a jnoof of the development of tumours from rests of actual 
enibryonic tissue. Such interpretations are not justified on this 
evidence alone. It must be remembered that for vigorous cell iiro- 
liferation a method has already been established in einbryonit; 
growth, and that when “ adult ” (;ells have an impulse to similarly 
raj)id })roliferatioii it is only to be expected tliat a similar growth 
mode will be adopted. As a simile one may recall the theory of 
recajdtulatioii, whereby we make the generalisation that the evolu¬ 
tionary pattern established in phologeny sel ves equally well in onto¬ 
genetic develoinnent. When the biologist, on the basis of the obser¬ 
vation of a reseml)lan(*.e between a neoplastic tissue and ijin embryonic 
tissue, would postulate an essential identity of the tissues in question, 
he is guilty of much the same error as the layman, w'ho with a 
smattering of knowledge of recapitulation, might say that a mammal 
ill its embryonic development is at one stage a fish, at a later stage 
an amphibian, etc. One should avoid making hasty and superficial 
deductions from wliat may be but an economy of natural 
pbeiiomena. Just as a mode of development which has served 
suicessfully in the evolution of species serves equally well in the 
development of the individual, so there is no need for “ Nature to 
multiply the mode of proliferation whereby a tissue reaches its 
ii(»rmal development in the individual in order to provide a special 
mode for those ])r()liferntions which aim at repair or whi«di constitute 
neoplasia. 

Examining the further details of the histology of these tumours 
in the fowl, we observe a close general similarity to wliat has been 
noted in mammals: the tendency to greater irregularity in cell 
and especially nuclear size, the latter here again predominantly in 
the (lire(‘tion of enlargement. An increase in the nucleolar-nuclear 
ratio is also observed, while it is further seen that the peculiar in¬ 
tranuclear bodies deiived from ‘‘ hypertrophied nucleoli and found 
in the mammalian liver and other tumours are not peculiar to the 
mammal, occurring also in this case of avian hepatocellular tumour. 
As in mammals also, the almost exclusively capillary nature of the 
stroma is an important feature in the histopathology. 

li. Benign Peoeij-kuative Processes affecting Tjivkr Cells: 

Adenoma hepatocellui^are and Nodulau Hyperplasias. 

The collection contains four specimens which may conveniently 
be discussed under this heading. While no rigid separation between 
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adenoma and nodular hyperplasia is possible, yet typical lesions of 
each may be discriminated and separated. Only one case of solitary 
adenoma occurs in our material and affects a bovine. The remaining: 
two cases concern pjgs. 

Case 10 {Bovine^ 5640). 

Macroscopically the specimen (Fig:. 72) consists of a slice of liver 
showing a solitary, large, light greyish mass, contrasting witli the 
surrounding darker liver tissue. It has an irregularly rounded out¬ 
line and is 13 cms. in diameter. The border is mostly sharp and is 
often separated from the liver tissue by a small amount of connective' 
tissue in which compressed, slit-like veins are prominent. In other 
parts a distinct encapsulation is not seen with the naked eye. The' 
tumour shows a fair number of small veins rainifying in its substance 
and in parts these demarcate small lobules some 4 mm. in diameter. 



Fig. 72.—Hepatocellular adenoma in the bovine: A well circumscribed lesion showing: 
an expansive typo of growth. (5640; 1/2 x). 


In other parts the tissue is diffusely arranged. There are also a few 
distended thin-walled blood-vessels, some I pm. in diameter. Under 
the liver capsule the tumour produces a low, irregular elevation 
covered by serosa and forming a visible swelling externally. The 
remaining liver tissue, save in the immediate vicinity of the growth, 
where it is compressed, is not visibly altered. 

Microscopically the tumour is always demarcated from the sur¬ 
rounding liver tissue, either by a thin connective-tissue capsule 
eontaming large blood-vessels or in ether parts only by a capillary 
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blood-vesflel (without collajyenous haekiiig and corresiK)ndiiig to an 
intralobular (capillary of the liver). At no point can invasive growth be 
seen either into the liver tissue or into the blood-vessels. The tumour 
cells have an unmistakable resemblance to liver-cells and are arranged 
in cords, two cells in thickness, having idh. definite directional 
disposition. These cords are usually separated by capillaries only; 
here and there are seen larger vessels W'hich may lie in thin 
collagenous trabeculae branc^hiug inwards from the capsule, and in 
some parts thin collagenous septa backing the capillaries give an 
indistinctly lobular strm^ture. The tumour cells are characterised 
by their considerably greater size than normal liver cells. They are 
polyhedral or jirismatic* elements very clearly outlined on account of 
narrovr clefts (aiiefacts?) between their ap]>osed borders. They often 
measure ?17/x in diameter and few are less than 22fi (the liver cells in 
the same material averaging ca. 15/i in diameter). Their cytoplasm 
is dense, opaquely staining, eosinophilic and finely granular, showing 
in fact no significant deviations from that of the liver cells in the 
same sections. The nuclei are central or often moderately eccentric 
and are quite frequently double. As regards size and shape they are 
of a fair degree of uniformity and are mostly spherical to short-oval. 
A number shows wrinklings or slight irregular projections of the 
nuclear membrane. They are definitely larger Ilian the liver-cell 
nuclei, averaging lO o/x in diameter, while many of them measure 
L'l o/it, and a few as much as in long diameter (cf. the liver-cell 
nuclei in the same section—usually c/i. 7/i). The^y are moderately 
(‘hromutic*, showing an open-meshed chromatin network which is 
often rendered cons])i<‘Uous by fairly coarse chromatin granules; thus 
they are slightly more chromatic than the normal nuclei, but no 
marked dilference exists in this resjiect. The nucleoli appear single 
or double with about equal frequency, do not appear definitely 
enlarged (i.e. relatively to the increased size of the nuclei) mostly 
hearing an ureal ratio to the nucleus of 1 I 25, while a ratio of 
1 M4 is only seen exceptionally (cf. the liver cells in the same 
section, showing ratios <»f 1 14 exceptionally, 1 ! 20 more often and 

usually less than the latter figure). The nucleoli are often not so 
distinctly outlined as could be wished for })urposes of accurate 
measurement. 

An indistinctly radial airangement of the cells around a minute 
and indistinct central lumen (1 to 2 /a in diameter) is often .seen. 
A few of the nuclei show chromatolysis, their whole central portion 
being clear, while the nuclear membrane a])j»ears thickened and 
irregular. Mitoses are absent. Pigmentation or typical fatty changes 
of the tumour cells are not seen, although sheaves of weakly staining 
fatty crystals occur both in the tumour and in the liver. Apart fpm 
this anil compression in the vicinity of the tumour and a slight 
haemosiderosis of the Kupffer cells, the remaining liver is normal; 
there is no cirrhosis. 

Eemarks ,—A tumour greatly lacking in anaplasia and although 
incompletely encapsulated showing no power of infiltration or 
vascjular penetration. 

Dinffno&is ,—Adenoma hepatocellulare. 
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!^ia. 73.—^Marpn of a Bniall hcpato< cllular adenoma in the pig Maikcd eniapsulation 
againat the hepatic parenchyma (below). (6454 , 33 > ). 



Fig. 74.—Another laiger nodule from the liver of the same subject as fig. 73: Curcumscnpiion 
but no distinct encapsulation; pressure atrophy of neighbounng liver tissue 
(left). (6464; 33 X). ^ a 
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Case 11 {Vorcine, 0454). 

For maeroBcopic deBoription there esiBl, only small fragments 
(remnants of frozen sectionfl) of a pig’s livfer. These show multiple, 
circumscribed nodules of rounded outline, lighter in colour than the 
BUiTounding liver tissue, and reaching a diameter of 1*3 cm. Most 
are not visibly encapsulated, but some show encapsulation. They are 
circumscribed. Further there o<icur in the liver tissue numerous foci 
of a less distinct nature and which appear like enlarged and lighter 
(‘oloured liver lobules, measuring 2 to 3 mm. in diameter. 

Microscopically (Figs. 73, 74, 75, and 70) the liver shows all 
gradations from more or less normal lobules through enlarged lobules 
to definitely cireuiuscribed rounded growths. These larger fo(d may 
be very thinly encapsulated and in parts not clearly separated from 
adjacent hyperplastic* liver lobules (Fig. 74), or they may be thickly 
encapsulated and clearly demarcated from the sui rounding tissue 
(Fig. 73). These foci have a purely cai)illary stroma and lobulation 
is absent, although sometimes the trahec*ulae of cells of which they 
are composed may show traces of a radiating arrangement around a 
wider vessel reminiscent of a c*ential vein. For the rest the cell-cords 
are irregularly arranged. They are usually two cells in thickness 
and are bordered on eac*b siclc^ by a capillary whose endolhelium is in 
direct contac‘t with the tumour cells; but often there are wider 
strands or more solid aieas of c‘elis in which more than half-a-dozen 
elements may be in direct apposition without intervening capillaries. 
The cells are cdearly o^‘ the type of liver cells and show considerable 
anaplastic* changes. Thev are jiolyheciral, but vary so much in size 
and finer morjihology that it is difficult to apply a general descTiption 
to them. In diameter they vary from ca, l/i to 35/tx, the majority 
being some l5/i hut there are areas where smaller and areas where 
larger cells predominate. The cytoi>lasni is in general more coarsely 
granular than that of the normal liver cell, the granules being often 
somewhat widely separated; but on the other hand many cells have 
a denser and more homogenous cytoplasm not difl'ering from that of 
the normal liver cell. The staining reaction varies from definitely 
basophilic to definitely acidophilic. Areas of greater anaplasia 
incline to he more deeply basophilic. In general (Fig. 75) the 
nu(*lei are moderately uniform in size and shape, are rounded to 
slightly oval, and measure 4*5/4 to 7*5/4 in diameter; their nucleoli 
are single and central and the n I Jf ratio reaches a maximum of 
1 I f), Bui in areas of greater anaplasia (Fig. 7(>) there arc marked 
variations in the nuclei, esjiecially enlargement, and in such places 
the average nuclear diameter may be 8/t; these iiucdei tend to be more 
markedly oval and are often somewhat angular or irregular in outline. 
They frequently reach 12/x in diameter. Here the single or frequently 
double (sometimes triple) nucleoli are still more prominent, n I X 
ratios of 1 ! 9 are frequent and actually reach 1 I 5, the nuclei are 
often markedly hyperchromatic, /and mitotic figures frequent (e.g. 
one per oil-immersion field ”).. The cytoplasm is dense and deeply 
basophilic. Rare cells may he seen measuring 20/4 in diameter (Fig. 
76); they may show abnormalities of mitosis (“ aberrant ” cliromo- 
somes and enlarged (ihromosomes). 

These large nodules cause considerable compression of the 
neighbouring liver tissue. 
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I'lfi. 75.—Structure of the liver celJ adenoma of the pig shown in fig. 73 ; Little anaplawia, 
regularity of cells; note mitotic figure in centre of field. (fi454 ; 250 X.) 



Fiq. 76.—Structure of the nodular hyperidasia of the pig’s liver shown in fig. 74: A fiehl 
showing considerable anaplasia; note the variation fn cell size and the large 
cell in mitosis. (6454; 2.50 x.) 
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The remaining liver iiissue showH raryiug degrees of abnormality 
of the lobules. They are more unequal in size than in the normal 
pig liver, some actually approaching in size the larger circumscribed 
nodules described above. The cells in some lobules average 20 to 28/* 
in diameter (an extreme size for the normal liver cell). In parts the 
nucdei average ca. 10/x in diameter (a quite exceptional size for the 
normal liver cell \vhi(‘h varies from 6/x to 9/* usually). Often the 
cells are more basophilic than normal. t)ccasional large (giant) 
cells with dense (‘ytojdasin and a bizarre lobed or twisted nucleus 
occur. I'he iiucdeoli ma> be more prominent than iioriiiul and often 
the iiiudei are hyj)erchromati(‘. The n ! N ratio in a number of the 
cells reaches 1:14, other (contiguous) cells may show a normal ratio 
(viz. 1 : 20 to 1 : 88). There may be j)ronouiJced variation ot the 
staining rea<*tion ot the cells in one and the same lobule. There are 
also within the lobules foci where the cells show a marked fatty 
infiltration. The pattern of the trabeculae of cells may show distur¬ 
bance in respect of the normal radial arrangement around the central 
vein. There is often a eonsideralde engorgement of the intralobular 
sinusoids with blood. A moderate lymphocytic infiltralion occurs 
fairly regularly in (ilisson's capsule and a few eosinojdiiles are also 
jiresent here. There is no distirnt increase of (‘onue(*th’e tissue. 
(Tranular bile-pigment may be ''een withiii the liver cells and haemo- 
siderin within the Kupffer cells. Neither ot these pigments is seen 
in I he larger nodular gr<»wths. 

—The lesion> aie of a piimaiy luiiltiple nature atui 
vary from more or less abnormal hyperplastic* lobules to nodules 
which must be regarded as having reached neoplastic grade. The 
proct*s> is characterised b.\ varying degrees of (‘ellular anaplasia, and 
(listurlian(*e or complete re])la<*ement ot the structure of tlie liver. 
While the larger nodules are regarded as actual multiple tumours, 
it must be reniemliered that there are all gradations betw(*en iheso 
and lesions which arc still n(» more than hyper])lasias. In respect 
of the anajdasia too there occur varying degrees, some of the nodules 
having a more “ adenomatoid ’’ and others almost a frankly “ <*ar- 
(‘iiionmtoid ” appearum-e. Nowhere however can actual invasive 
growth be detected and while if may seem probable tliut some of the 
lesions are forerunners of malignam*y, the latter description could 
not be apjdied to the ]»rocess in its present stage. 

/>/////a O.S/.S.— Multiple luimary hepatocel hilar adenomata and 
adenomatoid hyperplasia of the liver. 

fVi.vc 12 (l^nrciuc^ t!4()0). 

Maeros(*opi(*al]y - in this ease also there are only tragments of a 
pig’s liver. ih\ section the ap])earance seen is much as in the previous 
<*ase. The lobules are most \inequal in size, the larger ones being 
ra. 8 mm. in diameter—(normal lobules tip to 1-<S mm.). In addition 
(here are still larger, rounded, sharply defined, and circumscribed 
nodules up to 7 mm. in diameter. Between these and the enlarged 
lobules there ajipear to be intergrades. 

Microscopically (Figs. 77 and 78), the picture is much the same 
as in the previous case eswpt that the nodules do not reach such 
large dimensions and they are alw'ays thickly encapsulated. Within 
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the nodules the noimal liver aichiteuture is disturbed. A central 
rein is abseut uod the cell cords, us seen in truusveise section, regu¬ 
larly enclose minute and indistinct (ca. }fi) luinina around which 
the cells are radially disposed. The nuclei aie inclined to be en¬ 
larged and sonietiiues show angulaiity ot outline. The nucleoli aie 
moderately oulaiRed (n : N ratio icuches 1 : Ki;. The cytoplasm is 
still acidoiihilic but less so than that of the normal liver cells. 
Occasional mito^s are seen. Small accumulations of round cells 
occur. In the liver lobules (Fig. 79) cell ubnornuilitiesr ore also to 
be seen: bypeichromasiu, rare enlarged cells with iiregularly lobed 
nuclei, an«l disturbance of the radial ariangement ol the <‘ell coid.s. 
These «-hanges are vei;^ unevenly distributed so that, as in the pre¬ 
vious case, a patchy appearance lesults. Theie aie ureas wlieie the 
intialobular capilluiies are much congested with blood and tbeie aie 
localised intralobular foci of fatty changes. Stasis of lymphocytes 
in sonic of the capillaries is seen. Glisson’s capsule shows infiltia- 
tion with lymphocytes and monocytes, but little detectable inciease 
of connective ti'>8ue. 



Fio. 77.—^Anatl^er case of hopstocelluJar adenoma in the pig; sharp encapsulation against 
the hepatic tissue. (6460; 33 X). 

Remarks ,—■The lesions are essentially identical with those seen 
m Case 11 (Porcine, 6554), but the extreme anaplastic changes seen 
in that case are here much less marked. It is probably open to 
debate whether the encapsulated noilules in this case have actually 
i*irached “ neoiilastic gtade ”, but I think that such an argumeiit 
would be a sterile one. 

no 





HEPATOCELLUI/AB. TUMOURS. 


Diagnosis ,—Multiple primary hepatocellular adenomata and 
adenomatoid hyperplasia ot the livei. 



Fk.. 7S.- Detailed stiuetuic of the tumour in fig, 77; Atypical arraugeim^nt ot 

the cells an oompaKsi Mitli those of the Inei tisKue, right. (6460, IlUx). 


fVm Id {Cttfnnt, IdOdft), 

The subjei I was a male to\ teniei, 8 .Neais of as»e, destiojed 
on amount oi aiaiiiihoimi of the inguinal i eg ion. The liver, apait 
horn ( hanges ihvperaemia, etc.), awieialed with the injection ot a 
lethal dose of c hloiofoi iii, shows inultijde (six) siatteied foil as 
tollows:-(l) Tile caudate lobe towards its ventral boidei shows u 
eircunisci ibed, noii-encapsulated totUvS I d mi. in diametei, scaieeh 
visible on the (*nidal suifate but definitelv laisotl above the eianial 
suif’ate. On section it extends dee]dv into the liver substance, almost 
but not cjuite Teaching the caudal suiface. In eonsistence it 
lesembles the livei tissue, hut it is slightlv lighter in coloui and 
not distinctly lobulai in stiintuie. (2) A similai focus occupies the 
light part of the light c'ciitral lobe neai the fnndus of the gall- 
bladdei, being laised above the c^audal suiface of the livei and 
measuiing 2 mm. in diametei, (d) The up]»ei part of the lateral 
border of the left lateral lobe '^liow- an oval focus, I c ni.x 75 cm., 
luirtod about 2 mm. above the c*audal surface; this is not distinguished 
cleatl^v from the livei tissue by colour, but onlv by absence of lobu¬ 
lation. (4^ and (5) On the cranial suiface of the left lateral lobe to¬ 
wards the l(»ft border are present two baielv’^ visible foed, ca. 1*5 mm. 
in diameter, very slightly rai‘*ed above the surface, (fi) The right 
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eeuiral lobe shows a focus of similar appearaiu^.e to numbers (4) and (5) 
and measuring 2 mm. in diameter. Theie are also a few scattered 
(pin-head sized to *5 mm.) bluish-red subeapsular foci, extending 
1 mm. into the substance of the liver. 



Fig. 79.—Intralobular hyperplasia in the liver of the same subject as figK 77 and 78: 

Note irregularity in size of the liver lobules, one of which contains a non-cir- 
oumsciibed focus composed of atvpically arranged and anaplastic liver cells. 
(6460 ; 40 X). 

» 

Microscopically, in the liver are seen sharply circumscribed but 
unencapsulated foci which consist of atypical hepatic parenchyma. 
Their distinction from the surrountUng normal tissue is tar lesvS strik¬ 
ing under the microscope than to the naked eye. The lobulation in these 
areas is deficient, but by no means always absent. In parts the 
lobulation may fail or be masked by the large size attained by the 
lobules. The columns of liwer cells are less regular in arrange¬ 
ment. Bile-ducts are present, no differences in pigment content are 
noticed, nor are differences in size and shape and the nuclei of the 
cells seen. The cells composing these foci appear more closely ])acked 
than in the normal liver tissue, the whole having a denser appearance 
than the normal parenchyma. There is no increase of connective 
tissue. The subeapsular foci noticed macroscoj)ically are small 
haemorrhages where macrophages carrying haemosiderin, and also 
giant ceils are active. For the rest, the liver, apart from slight fatty 
changes and a hyperaemia associated with the chloroform poisoning", 
is normal. 

Diagnosis .—Multiple nodular hyperplasia of the liver. 
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HEPATOCELLULAR TUMOUllS. 


In conclusion, ntteutiou may be drawn to the peculiar hyper* 
trophic liver lesion in the sheep (12196) shown in Fig*. 80. The con¬ 
dition may possibly be mistaken for a hyperplastic or even benign 
neo])lastic process. 



• so,— A }HMuliai local iivjH^itrophv of the li\er ot a shw'p: A uodulc of stiuctuialj> 
fiuiifial In 01 tishuf itna^natos tin «aJl and piotrudos pniminontly into the 
lumen of the \tuu <a\a as it j»ass(s thicnigh the li\oi (121%, 1 Ja), 

Sitmnully of th< Pnfholoyy of Cases of uon-iiiahynanT 
ptitlijiiaiivc p/oc(.s,ses. 

The boMue uise is to be jegaided as a topical ‘solitai^ adenoma 
and it IS mteiesting to tomjmie this with the cases diagnosed as 
laKinoma. We sot* that the essential diffeienee here is the absence 
ot in\asj\<» gun\tli ^thuh might lead to metastasis. This is not 
dojnuident on emapsubition, tor we ha\e desciibed t'ahOs oi malig* 
nan(> which weie >veU em apsulated, and in this benign tunioui en- 
(apsiilation is most incomplete. The histopatholog,\ much resembles 
that ol the can momas (Vitain diflereiHes are present but the\ 
aie neailv all diflViemes ot degree; and, bearing in mind the expe- 
lieiice in man in which it has been ionnd impossible to discriminate 
sbuijd> between beingn and malignant “ hepatomas on the basis 
ot moipholog>, one would beie he very hesitant of generalising on 
the basis of a single case. The differences referred to may be suni- 
murised as tollow^s; ~ The cyio])laMn of the cells resembles that of the 
liver cells in staining ien<*h’on, \jdiile in the carcinomas there is an 
(inconstant) tendency to basophilia. The nuclei, although (as is 
also the case in carcinomas) distinctly enlarged, aie more uniform 
in size than in most of the carcinomas. The nucleoli show no distinct 
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enlargeiMeiit in proportion to the nuclei, while such enlargement 
although by no means affecting every cell could usually be found 
in the carcinomas. Mitotic figures were absent, wliereas a low mitotic 
index was always found in the malij*nant tumoius in bovines, 
although not always in the sheep. It must lie emphasised that this 
tumour could not be distinguished macroscopically fiom many of 
those diagnosed as carcinomas, a detailed microscopic, analysis, espe¬ 
cially the demonstration by examination of an adequate number of 
representative sections of the absence of invasive growth, providing 
the only means of differential diagnosis. That tbe purely inor})hf)- 
logical criteria mentioned are not likely to be cojjistant in oi^curreuce 
will be apparent from the two cases in pigs which may now be briefly 
discussed. 

In these two cases in pigs the lesions are of a juimary multiple 
nature and are very different in appearance. There are all grades of 
transition from lesions whitih we have called adefiomatoid or nodular 
hyperplasia to tumours. These tumours and hyperplasias, in spite 
of their benign nature, show marked anaplustit‘ changes affecting the 
cells to an extent fully equal to that found in the carcinomas. 
Eegarding increase in nucleolar size actually larger ratios (1 .' o) \yere 
found than among any of the carcinoma c ells except if we take into 
ac(‘ount the markedly altered nucleoli of tbe hatuie of inclusion 
bodies. Tn the malignant cases, ratios of more than 1 ! 9 were 
only exceptionally encountered. Further, in these porcine tumours 
cytoplasmic basophilia, irregularity of cell size, giant cells, frecjuency 
of mitotic figures, some of whicdi actually appeared abnormal, and 
enlargement and irregularity of the nuedei were present to an extent 
fully commensurate with what was found in the malignant luniour> 
of ruminants. 

This serves to enijihasize again the unieliability of morpholc»gi(*al 
criteria in the estimation of liver-cell tumours ancj that cell changc^'^ 
especially should not receive too nnich stress, bec’ause marked degrees 
of anaplasia may occur not only in benign tumours but also in areas 
of hyperplasia which have not ye*t reached neoplastic grades. It is 
perhaps not quite fair to say that such ohservations disprove the 
contention of MacCarty and Hammeder that relative nucleolar 
enlargement is a constant and specific accompaniment of malignanc y. 
The reply might well be that no hard and fast lines cun be drawn 
between these various proliferations of liver cells and that the lesions 
which we call an adenoma, or a hyperjilasia, may well be direcd fore¬ 
runners of malignancy if^noi actually early stages of cancer. How¬ 
ever, so far as the liver tumours are concerned, the contention c annot 
be accepted wdthont being modified as we have indicated. While a 
study of the morphology of these pathological processes fully supports 
the idea that adenomas may be derived frou) hypc^rplasias and 
carcinomas from adenomas, yet it seems most unlikely that eveny 
nodular hyi>erplasia is destined to reach a neoplastic grade and that 
every adenoma is an early carcinoma. The lesion nuiv progress no 
further. Indeed, .we know" in some species, and this brings us to the 
consideration of tlie (*ase described in the dog, that nodular hyper¬ 
plasia does not lead to neoplasia. Nodular hyperplasia is w"ell kiiow'n 
in this species,. yet liver-cell camnoma is unknown. The lesions 
which we have described in the dog have been included here mainly 
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for the 8ake of compleienesii; they are not neoplasiici and are in no 
danger of becoming The degree of imitation of normal liver 
tissue is very close and anaplastic changes are conspicnoiis by their 
absence. 


11. Cholangioceliular Tumours. 

A. MaI.IGxXANT CnOLAKGlOCKLLITLAH TUMOUUS. 

It is a remarkable but a well-known fact that the incidence of the 
tumours of bile-du(;t ejdthelium and those of liver cells shows a 
distinct species specificity. Thus in man cholangioceliular carcinoma 
IS rare while hepatocellular car(‘inoina is by compiirison common. 
In the domestic carnivores (diolaiigiocellular carcinoma is common, 
hepatocellular unknown. In the ruminants, hepatocellular carcinoma 
is extremely common while the cholangiocellnlar tumours are con¬ 
sidered rare. The <)nderste])(»orl collection contains four exami)les 
of cholangioceliular carcinoma in the bovine and one in the dog. 

hrom the luiman literature we gather that there is coiisideiable 
contusion regarding the distinction of the two varieties of primary 
liver can imima. Among domestic animals we have not encountered 
this diHicult> and the only confusion likelv to arise in onr experience 
is the separation of iiiiniary ])ile-du(‘t tumours from secondary 
<*aninoma, 

14 (/iovui(\ 5771). 

The museum s]>eci men consists of a slice of a layge tumour taken 
from a bovine liver. The size of the whole neoj)lasm cannot be given, 
l)iil it must have measured considerably more than 18 cuk in 
iliameter. It has a greyish-yellow coloni (jireserved) and shows a 
lairly pioniiiient connective-tissue stroma subdividing the iiaren- 
ch\ma into irregularly rounded areas *5 to I cm. in diameter, having 
opaque, \ ellou ish-wliite contents. 

Microscoj)ically, se(‘lioiJs which liansect the margin between the 
tumour and the liver disclose an extremely <lefective encapsulation, 
there being direct iuxasioii ot the heimiic jiarenchyma at many 
points. There is a branching connective-tissue stroma marking out 
the gross lolniles observed macroscopically, and finer trabeculae 
separating secondary lolmles siJ’Ue ot) to 175/4 in diameter. These 
may have the structure of a single acinus or tubule lined by columnar 
epithelial cells enclosing a distinct lumen Avhicb is usually plugged 
by des(iiuimated and necrosed tumour cells; or there may be mulliple 
smaller a<‘iiii in the lobule, lined by radiating columnar cells and 
showing smaller liimina (cvi. 15/ji}. or the lumina may be almost or 
entirely obliterated because the free <*ytoplasnu(* poles of the cells 
meet centrally. These acini are not bac’ked by connective tissue and 
pass somewhat indefinitely one into another. In many of the 
secondary lobules, however, the structure is solid and there is no 
evident «‘ell polarity. Between these and the lumen-containing 
lobules there are all grades of transition and the larger tubules have 
walls which are often, in whole or in part, several cells thic k. The 
cells lining tubules are of aii outspoken columnar form and have a 
non-granular acidophilic cytoplasm with a short-oval to ^finitely 
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elongate-oval nucleus which has a distinctly proximal location (i.e. 
remote from the lumen), leaving a tree distal area of (ytoplasm 
bordering the lumen. This distal portion of the cytoplasm is 
strongly eosinophilic and appears, with that of the other cells, to 
form a continuous condensed cytoplasmic lining to the tubule. The 
nuclei do not stain intensely (except in necrobiotic cells, where they 
are pycnotic) and have a finely granular chromatin. They have one 
to two nucleoli which are (centrally or eccentrically located. These 
are scarcely conspicuous, the ii I N ratio seldom exceeding 1 : 2i'> 
while the average is 1 : 32. (On the other hand, they must be con¬ 
sidered as enlarged since in the normal bovine bile-duct epithelium 
the ratio is seldom greater than 1 : 50.) I’he cells thus have a close 
resemblance to bile-duct epithelium: their cytoplasm stains identi¬ 
cally, the position of the nucleus is similar, and the chromatin 
pattern identical. 

Outside the main mass, smaller masses of the same tumour 
tissue are found in the liver spreading along the portal tracts and 
from here invading the i)arenchyma, and extensive tumour cell 
embolism is to be seen in veins at the margin of the tumour. Mitoses 
are fairly frequent (Index —3). The surrounding liver tissue shows 
a marked cirrhosis which is mainly perilobular in tyi)e. 

liernarks. —A massive tumour showing invasive growth and 
formation of local blood-borne metastases and (*ompo8ed of cells 
having an unmistakable resemblance to bile-du(*t e])itheHum and 
forming outspoken lumina in its less anaplastic portions. 

Diagnosis ,—( holaiigiocellulare. 

Case 15 {Bovine, 107(14). 

The museum specimen (Fig. 81) consists of a slice of a huge* 
neoplastic mass some 12 cm. in diameter infiltrating and rej)laciiig 
the liver tissue. It is of a creamy yellow colour and of soft, gland¬ 
like consistence. It is unencapsulated. Occasional strands of con¬ 
nective tissue course through it aiAl at the perij)hery a])i)ear to 
become continuous with that of the portal tracts. In places a thin 
(1 to 7 mm.) rind of liver tissue persists between the neoplasm and 
the capsule of the liver; elsewhere the tumour is covered directly by 
the liver capsule, which is intacd. Small cystic cavities (up to -5 
mm. in diameter) pervade the ti.ssue and contain ojmque, yellowish- 
white material. 

Microscopically, a nn^derately well differentiated and rather 
regular connective-tissue stroma supports lobules of epithelial (oils. 
These lobules are typically subdivided into multiple acini lined by 
a single row of columnar cells whose nuclei are situated distiiK^tly 
])roximally, are spherical or slightly oval, and have a delicate 
chromatin network (i.e, for epithelial nuclei, they are amldy- 
chromatic). The nuclei usually meaeure 6 to 7-5/1 in diameter and 
are rather uniforin in size. They may seldom tend to be of elongate 
oval shape (only in limited parts). The nucleoli are large, single, 
and often depart from the spherical shape to assume an oval, angular, 
or rectangular form; not seldom they are ring-like, having a central 
vacuole or area of rarefaction. The n : N ratio is seldom less than 
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1 : 25 and reaches 1:9. Centrally no lumen is usually visible, the 
free cytoplasmic poles of the cells meeting each other. On the other 
hand the cells may be arranged in solid alveoli, in which case only 
those next to the stroma may retain the polarised appearance, the 
central cells ])eing rounded or polyhedral with central nuclei. 
Centrally in many of the lobules there is necrosis, the cells having 
degenerated to form a caseous mass in which calcification may be 
taking place. There also occur among the cells many hyaline, eosino¬ 
philic globules, often showing concentric lainellation. Mitotic 
index-= 2. 



Fn;. 81.—Nak«'d-eyo appi^araiicc' of a typical cliolaugioccllular oareinoina of the ox: 

Multiple clo8«*ly Het, minute (’yntie cavities permeate the tissue ; contrast with the 
hcjmtocellular tumours, figs. 61 and 72. (10764; natural size). 


RetiiarIx'S. —This tumour resembles the more aiiaida.stic iKjrtions of 
the previous case, and would scarcely be recognised as a cholangio- 
cellulur tumour by one who ha<l not studied such a case and observed 
the transition (wliich was there remarked on) from a bile-duct type 
of morphology to rosettes without lumina and to completely solid 
alveoli of non-polarised cells. It is only on the basis of that expe¬ 
rience, and on the general resemblance of the cells to the less 
differentiated elements formed in that bile-duct carcinoma that we 
were able to arrive at a diagnosis. 

A tumour of the rumen was reported by the sender of the 
material to have been present in this subject. This was not sub¬ 
mitted, but a lymph-gland was sent in. It might be thought that one 
would be cautious in diagnosing a primary liver cell tumour in the 
presence of a primary tumour elsewhere; but glandular tumours do 
not o<!Cur in the rumen, all epithelial neoplasms being of the 
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1 K SJ —C liolangiocoJIular (arc inoma of tlif bovuu luvaan e sproacl in tht liver, c iiitr 
V th th( hepatocellular tumouis fig« 61 and 72 (lOTOT), 2/5y) 







Fto SS^Structure of the cholangioccih lar careinciDa of tho bovine ahown m h*; ''J 
]n\aBion of a vein of the stroma (I07C5t 240X) 
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squamous type. In the present case the lymph-node, on section, 
proves to contain typical metastases of acanthoma. These lesions 
can therefore have no relation to the tumour described. 

Diagfiosis ,—Carcinoma cholangiocellulare. 


(*((se 10 {lioi:iiu\ 10705). 

The museum specimen (Fig. 82) f^)nsists of portions ol an 
inegiilarly oval neoplasm infiltrating and replacing the liver tissue 
and measuring some 10 x 4 cm. It is not encapsulated from the liver 
tissue. The colour is yellowish-white. There occur comparatively rare, 
minute, cyst-like cavities with opaque caseous contents and measuring 
67/. -5 cm. In parts the margin is exceedingly irregular and an 
intimate ])enetration of the surrounding tissue is seen. In parts also 
portions of the liver tissue remain within the tumour and give a 
greenish colouration to the otherwise yellowish-wiiite mass. A 
distinct sjstein of course connective-tissue trabeculae is present de¬ 
marcating large areas one or more cm. in diameter and finer trabe- 
<*u]ae can also be seen to demarcate lobules usually 1 to 2 mm. in 
diameter, 'i’he regional lymph-nodes were stated to have been affected 
and sec tions thereof are available. 

Microscopically ^Fig. 8^) there is a resemblance of the primary 
tumour to the previous case (15) but far less differeiitiatiou occurs. 
There is a rich collagenous stroma demarcatiug^tlie smaller lobules 
noticed macr()scoj)ic,ally ami within these still finer collagenous 
strands demarcate solid alveoli of cells. Only rarely are the faintest 
traces of lumen formation seen and rosette formations are absent. 
The cells show no polarity and are gathered into irregular solid 
masses. They bear no resemblance to liver cells, but in spite of their 
lack of difl'erentiatioii are very similar to those described in the 
])revinus case. Their cytojdasm stains palely and tends to be faintly 
eosiTuqdiilic. The nuclei are short-oval, fairly often tending to be 
elongate-oval, variable in diameter from ra, (i/x to over 10/x. They 
stain palely in the more typical cells, but in most cells there is 
considerable hyperchromasia and the nuclei may he filled with fine 
granules. Tlieie is however no resemblance to the pattern of the 
liver-cell nucleus and (discounting the secondary changes) a definite 
simih'irity to the bile-duct cell nucleus. The iiucleoli are usually 
single, hxii 2, d or 4 may be seen; the n I X ratio is commonly 1 : 2() 
and reaches 1 : 14, Commonly, especially towards the edge of the 
tumour, strands of atrophic liver cells persist among the lobules. 
There is little necrosis. At the edges active infiltration is taking 
place along (IlissorCs capsule, and at the extreme edge of this advance 
the masses of tumour cells are seen to occupy pre-fonued endothelial- 
lined spaces (lymi)hatics) in the portal tracts. Further towards the 
centre of the tumour the (older) portal tract infiltrations are no 
longer confined but spread into the contiguous hepatic parenchyma 
and there is a lymphocytic infiltration of (rlissoiCs capsule. The 
surrounding hepati/j tissue shows a pronounc^ed blood stasis in the 
intralobular capillaries and also multiple small Iiaemorrhages. The 
mitotic indexes. 
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Tlip legioiial lymph-node shows a bimilai tumour growth th’ig. 
84) x^hieh has all but obliteraied tbe lymphalit* ti«^sue. Unexpectedly, 
although a large amount ot the neoplastic tissue has the same un- 
ditferenliated a]>pearam'e as the jirimary, there aie many areas 
with distinct rosettes and also outspoken lumina lined by columnar 
cells with proximally situated elongated nuclei, clearly resembling 
bile-ducts, as described in (‘use 15. There are also seen, although to 
a less marked degree, the condensation and eosinophilia of the tree 
(lienpheral) cytoplasmic* pole which was there described. 



Fig. 84. —Regional lymph-node metastaHca of the cholangioecllular carcinoma, Hhown in 
figs. 82 and 83 : Decrease in anaplasia with lumen-formation ; below, transition 
to the highly anaplastic growth-mode of the primary. (10765; 240 x). 

Remarla .—The diagnosis of this highly anaplastic tumour is 
greatly facilitated by the foHunate and unusual circumstance that 
the lymph-node metastases show a greater degree of differentiation 
allowing a clear recognition of the bile-duct type of tumour. 

Carcinoma cholangiocellulare with metastasis to the 
periportal lymph-node. 

Case 17 (Bovwe, 6278). 

The subject, a bovine whose age and sex were not recorded, had 
been slaughtered at the Pretoria Abattoirs, and from a macroscopic 
description made at the time(’^) one gains the following information: 


(^) By Dr. P. J. Fourie, to whom J am indebted for permission to describe 
the case. 
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Widely distributed multiple nodular ^lowths affected bpth parietal 
and visceral abdominal serosae. The parietal peritoneum was exten¬ 
sively affected by numerous tumours which were irregularly scat¬ 
tered, although especially numeious on the lateral v\ails of the peri¬ 
toneal cavity; these tumours extended also into the pelvis, affected 
the subliimbar and iliac regions, the serosa covering both the mus¬ 
cular and the tendinous portions of the diaphragm, and, in liinite<l 
numbers,, also the abdominal floor. They often occurred in clusters 
and reached a size of 9 cni.x4 cm., being sometimes as much as 
2 b cm, in height above the surrounding surface. When <-oufluent, 
they resembled the “ grapes ” of seiosal tuberculosis. The smaller 
tumours may measure o cm. in diameter. They are confined to the 
serosa and do not invade the underlying musculature. The left 
lateral ligament of the liver (as well as the diaphragm) was affected 
by numerous tumours varying in size from 2 mm. to b cm. in 
diameter. The smaller tumours are described as spherical, the larger 
ones as irregular in outline, vertically compressed, and showujig a 
lobiilated surfac'e. Some of those affecting the diaphragm were con¬ 
tinuous through the thickness of the latter with tumours appearing 
on the pleural surface thereof. The neoplasm had a uniform greyish- 
white colour. Tumours were further numerous on the visceral 
surface of the liver, appearing as confluent, (onglumerate masses. 
The largest tumour measured 20x10x5 cm. and was situated for 
the most pait within the substance of the liver. It is irregularly 
ovoid in shape and is composed of a number of large ovoid lobes, 
5 to G cm. in diameter, some of which are more f^iarply demarcated 
than others. iNear its circumference are outlying nodules in the liver 
tissue of similar appearance, and measuring ca. *3 cm. in diameter, 
I'his largest mass was described as a very firm consistence (almost 
‘‘ cartilaginous *’) and has a light yellow^ colour. At parts of its 
circumference it is thinly eiicapvsulated, at other parts it gradtially 
merges with the suirounding hepatic tissue. On section, wdth the 
naked eye is seen a jiromiiienl connective-tissue stroma whose dis¬ 
position is very irregular and which contains a few blood-vessels (in 
transection ot pinhead size). No lumina or cystic cavities are visible 
in the parenchyma. Many smaller tumours affected only the surface 
(»f the organ. The lesser omentum was affected by small tumours. 
Tile parietal surface of the liver (right lobe) showed about a dozen dis¬ 
crete small nodules vaiyiug in diameter from 1 mm. to 1*5 cm., 
com])letely circumscribed and confined to the capsule. Some half- 
dozen small tumours 5 mm. to 2 cm. in diameter affected the serosa 
of the gall-bladder. The caudal inediavstinal lymph-node was eii- 
large<l, both medulla and cortex showing circumscribed nodules, *5 
to 1 cm. in diameter, of similar appearance to the peritoneal nodules 
and sometimes bulging above the surface of the gland. The peri- 
]>ortal lymph-nodes were also affected. The other organs, sho\\^ed no 
changes relevant to our pur]>ose (echinococcosis of the. lungs and 
fibrosis of the pancreas). 

The material actually available to ige for examination (Figs. 
85 and 86) consists of portions of the parietal peritoneum and 
diaphragm bearing multiple, broadly attached and somewhat flat¬ 
tened nodules, elevated to a height of 2 cm. above the surrounding 
surface, and varying in diameter from 1 to 5 cm. They have a lobu- 
lated surface. They do not penetrate the subserous fat. Their 
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Fxo. 80. 

I'i 09 . 85 and 86.—Gross appearance of secondary aezosai carcinosis of tbc ox: Secondary 
lesions of c, ehdlmgiocdMare affecting the subscrosa of the diaphragm (fig. 86) 
and costal peritoneum (fig. 86). (6878; 1/dx). 
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surfHce is uneven, but ^listeniu*^, thus apparently definitely subserous 
in position. In addition to these, there are available a slice of the 
large liver tiiinour and nii(*roscopi/i sections of the lymph-nodes which 
had jireviously been cut. 



Flu. 87.—Serosal carcinosis of the ox (from the lesions shown in figs. 80 and 88 ) secondary 
to (sarcinoma ijholangiocellulare of the liver; Mobilisation of the lining cells of 
the peritoneum to form }»api 1 liform elevations (especially al>ove); this is 
interpreted as a collateral hyperplasia and there is no continuity with the tumour 
cells which lie within the lymphatics iiumediatcly below. (6278; 240 x ). 


Microscopically (Fig. 87), sections of the parietal peritoneal 
tumours show that these consist of a vep' ri(;h and often highly 
cellular connective-tissue stroma demarcating islands and'sltands of 
polygonal cells, whk-h have a marked resemblance to those seen in 
the previous caste (Bovine, 10765). The cells are, however, on account 
of the cold storage preceding fixation, less well preserved, especially 
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in respect of their cytoplasm. The stroma is often so prominent as 
lo produce a scirrhous appearance, and especially in the more super¬ 
ficial parts of the subseiosa (Fig. 87), it seems that the widely 
separated parenchymal units lie largely in pre-formed spaces to which 
sometimes traces of an endothelial lining can still be recognised. 
However, in the deeper parts, the parenchyma is piesent in larger 
amount and in more massive tracts and appears to be spreading extra- 
vascularly along the cleavage lines of the (much increased) connec¬ 
tive tissue. 

The cells are polygonal elements aggregaled into narrow strands 
or rounded alveoli by the connective-tissue stroma. An inter¬ 
cellular reticulum is absent. On account of the poor preservation, 
the cytoplasm is indistinctly outlined, but the cells often measure 
some 15 /a in diameter. The c‘ytoplttsm stains a violet-uiuuve with 
haemalum-eosin, except in compressed strands of cells having 
pycnotic nuclei, in which it is more acidophilic (necrobiosis). The 
nuclei are central, well-preserved, and typically of elongate-oval but 
also often of short-oval shape. A few are slightly angular or in¬ 
dented. They vary considerably in size from 7*5/Jt to 32ju in diaineler 
and are rather characteristic in structure, showing a shai]) and (as 
compared, e.g., with a fibroblastic or eiulotlielial nucleus) a slightly 
pronounced nuclear membrane. There is a uniform, exceedingly 
fine, but distinct chromalin network throughout the nucleus, which 
in consequence stains very lightly. In this pale-slaiiiiiig nucleus the 
single or (equally frequently) double, slightly to extremely iMceiitric, 
well-defined, and heavily staining nucleolus is a striking leatiire. 
It is usually rounded, quite often oval or somewhat angular, c»r some¬ 
times dumb-bell shaped, there being transitions between a single 
dumb-bell shaped structure and two more or less discrete nucleoli. 
The n I N ratio commonly lies between I I 16 and I ! 25, The large 
hyaline palely staining intranuclear inclusions, which liave been 
described elsewhere {vide carcinoma hepafoccIMarc, etc,.) in detail 
and as being of nucleolar origin are fairly (‘ummonly to be found. 
If these are included in the consideration of the nucleoli, the n : 
ratio must be said to reach 1 : 2. (Fig. 8.) 

There is a tendency for the nodules to be encapsulateil by (*un- 
nective tissue beneath the mesothelium of the surface, but often such 
encapsulation is mrwt incomplete, the encapsulating tissue being 
itself prominently infiltrated by the neoplastic cells. Ar€*as of total 
neocrosis occur in the larger tumours. Sec;tions through some of the 
nodules show them to be <ov^re,d by inesothelial cells which in places 
present a picture of definite mobilisation (Fig, 87). Fapilliform 
structures arise having a core of connective tissue and the inesothelial 
cells covering these as well as those between their bases assume a 
cuboidal to columnar shape, and cannot be said to be very dissimilar 
in their finer morphology to the tumour cells except that (a) polarity 
is fully retained and (b) the nucleoli are not so prominent. Thus 
these proliferating mesothelials would not be obviously distinguish¬ 
able in morphology from the solid masses of cells which lie within 
the lumina of the immediately underlying lymphatics ot the sub- 
serosa; but nowhere is continuity between them traceable, the peri¬ 
toneal ^incurs being always beneath the serosa, although they inay 
approach close to it. 
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Sections of the liver show tumours of similar morpholof^y, either 
confined to the siihserous tissue of the capsule or (in the case of the 
large intrahepatic tumour—Fig. 88) actually invading the hepatic 
substance. In the affected lyjnph-nodes a rich growth of similar type 
affects and re])la{!es both the cortical and (more especially the medul¬ 
lary zones). ??odules on the splenicj surface (Fig. 89) are limited 
by the capsule of the organ. Mitotic index-^2. 



8S,'—Highly ana^mtic bovine oholangiocellular carcinoma, invading the liver: Ton- 
flenoy for the cells to bo arranged in long parallel rows; centres a strand of the 
persisting hepatic parenchyma. (627B; 120 x). 
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Remarks .—This case has been described in some detail because 
it represents a highly anaplastic tumour ^hich is not readily 
diagnosed and because of the great likelihood of cjonfusing the peri¬ 
toneal secondaries with primary lesions of the serosae. Its jnicro- 
scopic striicture is that of carcinoma simplcje and there is no trace 
whatever of the adenoid growth Avhich facilitates recognition of 
cholangiocellular tumours; one’s criteria here have to be, ma(*ro- 
scopically, the occurrence of what is apimrently the primary lesion 
in the liver, the w’ell-develojjed stroma (differentiating from hepato¬ 
cellular carcdnoma); and, microscopically, the a mbly chromatic 
staining and typically elongate-oval shape of the nuclei. In acttial 
histological structure, only the tendency to vertical anangement of 



Fig. bo.—S econdary cholangiocellular carcinoma of the ox affecting the t^ubscrosa of the 
spleen ; above, the aplenic tiaaue and its capsule. (6278 ; 66 x). 


the individual cells in the rows which are formed between the stromal 
strands (Fig. 88) is even remotely suggestive of the structure which 
we associate with typical bile-duct-cell tumours. The previously- 
described case (16) provides a fortunate link between such highly 
anaplastic cholangiocellular tumours (C. sim^ea^) and those whose 
origin is clearly declared by their structure (C. cidenomatosum). Tn 
the present case, the primary tumour, although of considerable 
ilimensions, is overshadowed by the very extensive secondary serosal 
carcinosis, and the latter lesions might therefore readily be mistaken 
for primary tumours, more especially on account of the danger of 
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misjudging* the collateral hyperplasia of the surface mesotheliiim as 
a precaiieeroiis change with histogenetic significance. The signifi¬ 
cance of these remarks will become apparent after the discussion of 
primary tumours of the serosae in Chapter VI. 

Diafjnosis ,—Carcinoma cholangiocellulare with intrahepatic and 
regional lymph-node metastases and with widespread secondaiy peri¬ 
toneal carcinosis affecting both parietal and visceral serosae. 

Case IS (Canine, IT) 152). 

The subject was an Alsatian dog aged 10 years. Macroscopic.ally 
(Fig. 90) the right lateral lobe of the liver is almost totally rejilaced 
by a large, infiltrating, non-encapsulated neoplasm, irregularly oval 
ill shape, measuring irjxllxO cm., of gland-like consistence and 
of a greyish-white colour. It presents an irregular nodular surface 
beneath the serosa of the liver. There are also multiple scattered 
nodules usually *5 mni. to 5 cm. in diameter, some larger b> con¬ 
fluence, throughout the remaindei of the liver tissue. The perijmrtal 
lym])h-nodes are enlarged and show nodules of a similar appearance 
situated mainly subcapsularly (i.e. filling the cortical sinus system 
and sometimes extending Inwards into the medulla). The lungs 
show multiide disseminated metastases varying from to 5 mm. in 
diameter. 

( 

Microscopically (Figs. 91, 92, 93, and 94) the neojilastic tissue 
in the liver is seen to be uneiu*ai)sulated and to consist of epithelial 
cells disjiersed in a collagenous stroma and showing considerable 
variation in arrangement:— (a) For the most jiart [Figs. 91 and 92 
(lower ])art of figure) ] the cells form a lining to regular tubules, from 
one to several cells thick. Here there is a distinct resemblance to 
bile-ducts and the cells are columnar to cuhoidal in shape. Often 
the lumen is incompletely developed. These neoplastic tubules are 
actively invading and destroying the liver tissue. There is a ]n‘o- 
liferation of bile-ducts in the portal tracth and here it is often hard 
to sc]iarate the ne<)plastic from the hyj)erplasti(* tubules on any basis 
except that of the cell morphology. The neoplastic <?ells differ from 
(he bile-duct cells chiefly in showing greater variation in cell size, 
more hyjjenhromatic nmdei (although they still do not stain deejdy, 
their granules are largei* and much more numerous), greater pro¬ 
minence of the nucleoli (seldom less than 1 : 25, often 1 ; 9, seldom 
1 .' 4, as (‘-oinpared with the n I N ratio of the proliferating duct- 
cells, viz. I ; 5(1), and considerable variation in nuclear size (often 
as much as twice the size of the bile-duct nuclei); a greater tendency 
for the nuclei to be plump or short-oval, greater density of the 
c*ytoplasm which stains more deeply baso]>hilic and is inclined to be 
very finely granular as c*ompared wdih the pale staining, homo¬ 
geneous cytoplasm of the bile-duct cells. The fact that such a com¬ 
parison has been instituted makes it obvious that a close similarity 
exists. In the deeper parts of the tumour, however, there are marked 
differences from bile-ducts w’hich result from thickening of the lining 
layer of cells, inw^ard growth into the lumen often resulting in total 
obliteration of the latter, and filling of the lumina by desejuamated 
elements. In those parts where the liver tissue persists, the himour 
is seen to be spreading along the portal tracts (Fig. 91), which are 
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(15153; 30 X). ^ 
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infiltrated by lymphocytes and neutropliiles and show newly-tonued 
connective tissue. From here the f?ro\vtli also encroaches on the 
hepatic parenchyma which is congested and in which the cells show 
varyiniif deji^rees of de^yeneratiou and j»iaiuilar bile-pi^?*nieiitation, 
toa:ether with marked haeinosiderosis of the Kupffer cells. (6) In 
sections from other parts of the tumour there are extensive areas 
where the cells are arranjred to line multiple cysts (Fig. 92—upper 
part of field), the ej)ithelium varying from tall columnar to cuboidal 
or even flattened. These cysts contain desquamated cells and are 



Kio. 92. '-('holanffiooellular carcinoma of the dog; Adenoid (beicw) and cystic (above) type? 

of growth. (16152; lIOx). 
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Fio. 93.«>vA80ther fidd pt the Muoe ttupottr diatpn io dg».Al And 62t OMiei pPxWUorm 
type oC growtii. {UtSS;. ifox). 
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Fia, 04.—Peculiar (pseudo-) haemangiomatoid appearance of parts of a oholangiocellular 
oaroinoma of the dog, the result of haemorrhage into the neoplastic cystic lumina; 
same thmour as dgs. 90 to 93. (15152; 175 x). 
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separated by a larger amount of well differentiated connective tissue 
than is seen in the portions described under {a), (c) In still other 
parts (Fig. 93; there is proliferation of the walls of the neoplastic 
cysts which become hllecl to a varying degree with papilliform in¬ 
growths, or sometimes converted into solid masses of cells, {d) In 
some areas (Fig. 94) the contents of the tubules are blood, which 
completely fills out the cavity and appears to be in free circulation; 
here the lining cells may remain tall columnar or cuboidal, but often 
they are flattened, with elongated oval or spindle-shaped nuclei whose 
nucleoli are inconsjjiciious, whose pattern is markedly ainbly- 
fthromatic and whose membrane is very delicate. Moridiologically, 
ill fact, they could not be distinguished from endothelial .cells. Seen 
alone, these areas could easily lead to a diagnosis of haemangio- 
endothelionia. Mitoses are absent from these flattened cells simu¬ 
lating endothelium. Sometimes all transitions can be followed 
between these (!ells ami the tall columnar cells in one and the same 
cyst^ In these blood-tilled cysts papilliform ingrowths may also 
occur. The amount of stroma in these areas is small, forming a 
delicate backing to the spaces, while slightly larger amounts aceoui- 
paiiy the true blood-vessels, (e) In limited parts there is a great 
increase of the connecth^e-tissue stroma in which the epithelium lies 
dispersed in thin and elongated cords. (/) Lastly a papillomatous 
type of growth unassociated with cystic dilatation of the tubules may 
predominate in ])art«. Here there is a minimum of stronm. 

The tumoiii* cells are free from pigment except those flattened 
endothelial-like elements lining the blood-containing tubules. These 
are slightly to quite prominently pigmented w’ith haemosiderin, 
which is also present in macrophages lying in the blood. 

It was definitely established that the extension of the tumour iii 
(jlisson’s capsule is by way of the portal tracts and capsular 
lymphatics. Frequent examples of invasion of the portal veins are 
also seen. The M.I.—4-5. ' 

The periportal l3miph-nodes contain large nodules obliterating 
the subcapsular sinus in many places and from here growing in- 
vasively into the lymphoid tissue. Luniina are very rudimentary in 
these secondary grciw^ths, w^hich are more of the solid type. For the 
rest the nodes show extensive haemosiderosis of both the littoral but 
more especiall,y the ‘‘ <jentral ’’(®) histiocytes and much desquaination 
of the littoral cells as w’ell as a good few neutrophiles in the 
sinusoids. 

The lungs show' multiple nodules of similar structuie, the liuniiia 
being poorly developed. There is a prominent tendeni^y to necrosis. 
Apart from the secondary tumour nodules (and a severe hyperaemiq 
and oedema—the suTbject was killed by cMorofoi^m on the operating 
table after exploration had disclosed the cause of the abdominal 
enlargement and ascites for which it had been sent to be treated) 
the lung shows, surrounding the secondary tumour foci, a marked 

<>> This term is used to distinguisYi those fixed histiocytes of haemopoietic 
tissues which do not border sinusoidal spaces from the littora! histiocytes, in 
accordance with i«v previous suggestion (Jackson, 19^). 
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chronic catarrhal and proliferative pneumonia which is most in¬ 
teresting on account of the cell changes involved, but would not 
suitably be discussed in this work. In one of the lung sections in the 
type colle(*tion is marked a beautiful example of apparent amitotic 
division in a tumour cell. 

Remarks ,—This tumour shows the following variations in mor¬ 
phological tyjje, according to common terminology: adenocarcinoma, 
cystaaenocarciuoma, papilliform adenocarcinoma, i)apilliform cysta- 
denocarcinonia, as well as the peculiar modificaiions causea by 
circulation of the blood through the neoplastic tubules where a 
remarkable false haemangio-endotheliomatous appearance 
results. The (dose similarity of the tumour cells to bile-duct epithe¬ 
lium in the greater part of the tumour renders the diagnosis easy. 

l)ia<j7}osis ,—Carcinoma cholangiocellulare with metastases to the 
periportal Ivmph-nodes and the lungs, in the latter case associated 
with a peculiar proliferative pneumonia (which is not discussed here). 

Summary of the Pathology of Malignant Cholangiocellular Tvvwurs 
and a rom,parison irith Hepatocellular Tumours, 

A com])arison of the two malignant epithelial tumour types en¬ 
countered in the liver can be undertaken here only as regards lx)vines, 
the only species in whicjh we have examples of both types. Before 
undertaking this, we may briefly discuss the canine case by indi¬ 
cating that a close study on a much larger amount of material has 
been made by Hoogland of these tumours in the domestic carnivores. 
He indicates that in dogs the tumours are predominantly of a cyst 
adenocarcinomatous type. They are apparently to be regarded as 
among the common tumours of dogs, although only one case has been 
encountered in this country. There is no difficulty in diagnosis 
because not only do the cells closely resemble bile-duct epithelium, 
but the tubules which they form show a considerable similarity to 
bile-ducts and the often outspokenly columnar cells with their 
elongate-oval and proximally situated nuclei cannot be mistaken. 
This canine type of cholangiocellular tumour may be regarded as 
the ‘‘ ideal ” type from the viewpoint of the histo-pathological 
diagnostician. 

In the bovine we see, on the contrary, a departure from the ideal 
and clear-cut type which leads to difficulties in diagnosis, possibly 
from the standpoint ol discrimination between primary and secondary 
liver tumours, but especially as regards the distinction from hepato¬ 
cellular carcinoma. While not wishing to deny on the basis of four 
(uises (although this must be considered an exceptionally high number 
ot examples of a tumour considered to l>e so rare) that there may be 
cases of transition between bile-duct and liver-cell carcinoma, we 
must state that in all our cases of liver cancer of oxen we have had 
no difficulty in making a clear separation into the two classical types. 
This discrimination is based on the following lines: — 

Macroscopically the cholangiocellular tumour has typically a 
yellowish-white colour and shows scarcely any signs of encapsulation, 
blit on the contrary evidence of active and rai>id spread into the 
surrounding liver tissue. Metastasis to the regional nodes cannot 
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be regarded as an important ciiterion because this may also be found, 
although, we think, far less constantly, in the hei>atocellular variety. 
But it is well known that, in general, cholangiocellular tumours 
early invade the lymph-nodes, while the liver-cell tumours first and 
for preference form local (haemotogeuous) metastases in the liver. 
Microscopically, the bile-duct tumour is characterised by cells which 
bear no resemblance to hepatic cells and whose nuclei have the 
chromatin pattern of the bile-duct epithelium. In liver-cell tumours 
on the other hand we have seen no examples in which the cells were 
not instantly recognisable, in spite of their modifications or anaplasia, 
as of the hepatic type.(®). In most of these tumours an outspoken 
columnar form of the cells with proximal location of the nucleus, 
which tends often to an elongate-oval shape, is to be seen, at least 
in parts. In more anaplastic tumours the usual criteria of cell 
polarity are lost and the nuclei are more uniformly short-oval or 
spherical in shape. One cannot rely on finding outspoken lumen- 
formation in the bovine, although when present it is a valuable 
guide. In such cases the liiniina are distinguishable from the (rarer) 
large lumina of hepatocellular tumours because of the proximal 
location of the nuclei in the former and a tendency to peripheral 
condensation and eosinophilia of the cytoplasm. But there is rather 
a tendency for the cells to form rosettes (as occurs in the hepato¬ 
cellular tumours). Here again a distinction may be made on the 
basis of nuclear location and also on the relation to the stroma, as 
will be mentioned later. (It may be remarked that in the fowl a 
distinct tendency to polar location of nuclei was seen in hepato¬ 
cellular carcinoma. This did not occur in relation to lumen- 
foTjnation, how’ever, but w^as found in connection with cells in contact 
with the endothelium of the wider blood-spaces.) The prominence of 
the collagenous stroma and absence of the universally-penetrating 
capillary stroma is in great contrast with the liver-(‘ell tumouis, in 
which collagenous trabeculae are rare and often entirely absent and 
in which each rosette or cell cord is demarcated by a capillary sinu¬ 
soid. Intranuclear inclusions'^ of nucleolar origin were found in 
two out of four cases of cholangiocellular carcinoma of bovines, never 
in hepatocellular carcinoma of this species. When the features of 
cell polarity, columnarity, and lumen-fonnation are absent, as in 
two cases (16 and 17) in this material, discrimination may be 
admitted to be somewhat more difficult. In the one case in question 
we were, hovrever, fortunate enough to find the feaiurcs mentioned 
present in the metastase^ although absent from the primary tumour. 
Long before metastatic lesions had been examined, however, we were 
certain of the cholangiocellular nature of the tumour purely on the 
basis of cytoplasmic and miclear characters and on the parenchymal- 
stromal relationships. These must probably therefore be regarded 
as the final criteria; and on such has to be based the recognition of 
a tumour such as described in case 17 where the extreme anaplasia 
has resulted in the loss of all other characteristics. Lastly, the stiidy 
of these sections has show^ii that while the hepatocellular tumour 

(^) It is true that among animals we have encountered no case of an 
extremely anaplastic liver-cell tumour. But even in the frank (diffuse; 
carcinoma of man, such as may so commonly be seen in natives in this 
country, anaplastic changes never obscured the liver cdl morphctegy com¬ 
pletely. 
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grows for preference expansively against the surrounding liver tissue 
and tends especially to penetrate the portal veins, the cholangio- 
cellular tumours have indefinite margins because they spread for 
preference intralymphatically along the portal tracts; they also, 
however, have the powei to penetrate the portal veins. 

U. Benign Cholangiocellular Tumours. 

No cases of adenoma cholaiigiocellulare occur in the Onderste- 
poort collection, although Ihere is one case in a bovine (5630) of 
(•ongenital cystic liver, resembling that described by Joest in his 
textbook. Adenoma cholangiocellulaie is known in all domesticated 
species but has a])parently not been encountered in this country. 

EPITIIEIJAL TFMOTntS OF TIIK THYROID GLAND. 

Idke the liver, the thyroid gland presents very special problems 
in r€‘spect of the primary tumours which arise from its parenchyma, 
the cells of both organs being fundamentally endowed with a facile 
proliferative ability. In the thyroid, a diudless gland, the problems 
are in one res])ect sim]der, in that we have to deal with proliferations 
arising from bid one type of cell(*"), but this cell type may be most 
variable in ils morphology and in the histological patterns in w’hich 
it is arranged. In amdher respect, viz. tJie difti<‘ulty of distinguish¬ 
ing wdth exactly what kind of pioliferation—hVl>erplastic, benign 
neoplastic, or malignant—we are confronted in a given case, the 
difficulties are rom])arable with and jierhaps even more complicated 
than those that have been discussed in connection w'ith hepatic pro¬ 
liferations. 

The chief difficulty of classifying proliferative processes in the 
thyroid concerns both the distinction between benign and malignant 
neoplasms (hence the tenn “ malignant adenoma '' applied to certain 
lumours of this organ, which like ‘‘ malignant adenoma>s of the 
liver are capable of an invasive grow’th which is nevertheless not 
reflected by striking anaplastic changes) and the discrimination of 
localised hyperplastic processes from benign tumours. Some authors 
are inclined not lo speak of adenoma of the thyroid, but of /tfrumn 
nodom. Others apidy the tetm adenoma to any benign proliferative 
lesion, how'ever miinde, which is considered to exhibit the quality of 
autonomous growth. 

Strumas fnon-inflammatory enlargements of the thyroid gland, 
from which are usually excluded malignant lesions(’*)] are divided 
into diffvm and S. nodosa. It is with the latter that we are here 
concerned. This lesion is usually described as single or multijde 
(‘ircumscribed nodules which are emdosed by a connective-tissue cap¬ 
sule, and by nearly all authors this encapsulation is strcwssed as an 
essential feature. No provision is usually made for nodules which, 
while lacking encapsulation, may either be well circumscribed or 

Cysts of the thyroid, considered to arise as persistent remnants of 
the thyroglossal dnct. are extremely common in sheep in this country and 
have been studied by Thomas (1990), 

(11) Yet some authors are willing to speak of malignant strumas. 
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more indistinctly demarcated trom the surrounding tissue; although 
Wegelin (1926) mentions a nodular hyperplasia of the thyroid under 
which term are described circumscribed but not sharply demarcated 
(i.e. unencapsulated) nodules which are of the colloid type. These, 
it is remarked, are intermediate between diffuse struma and the true 
(encapsulated) adenomas and often cannot be distinguished with 
certainty from the early stage of an adenoma. 1 find, however, no 
mention in human pathology of nodules having the above features 
but which histologically are of the parenchymatous (solid or 
“ foetal ’’ type) and which, as will be seen, are commonly encoun¬ 
tered in the horse. On general principles, however, it would seem 
reasonable that if from colloid adenomas are distinguished 
nodular hyperplasias of colloid type, then, when need arises, one 
should also distinguish from parenchymatous adenomas, nodular 
hyperplasias of “ parenchymatous ” type which are characterised by 
lack of encapsulation and by less distinct circumscription. 

The typical thyroid adenoma (synonymous therefore with 
S. nodosa) as described both by Trautmann (1924) and in Kitt’s 
(1927) textbook of veterinary pathology {Bd. Ill), are considered to 
be demarcated by a capsule from the surrounding tissue. These 
authors ai^e of course following the general principle, as laid down 
by Borst (1902) that the presence of a capsule is an essential dis¬ 
tinguishing feature betw^een localised hyperplasia and adenoma. 
Wegelin mentions, however, that there is no hard and fast line 
between hyi)erpla8ias and true tumours of the thyroid and himself 
pictures an adenoma which is noch nicht vdllig ahgegrenzt he 
conceives the genesis of the capsule in the following way:—The 
A denomJceime 0^) which still lie within the parencliyma of a 
secondary lobule of the gland naturally lack a capsule. When the 
proliferating epithelium has progressed to reach the (connective-tissue 
septa which surround the gland lobule, the pre-existing connective- 
tissue provides a capsule which is at first delicate . . . but which 
with continued grow;th of the adenoma becomes augmented, partly 
owing to its response to the increasing tension to which it is sub¬ 
jected, but still more owing to the atrophy and fibrosis of the now 
insufficiently nourished adjoining thyroid tissue. 

Schlotthauer (1931), who has described in some detail these 
lesions of the equine thyroid, mentions that of 34 specimens, 4 were 
unencapsulated, while of the rest some were only partially encap¬ 
sulated. However, he tises the term adenoma in every case. The 
wisdom of this is open to question, but it has at least the merit of 
laying stress on a conclusion with which no one examining stich 
lesions can fail to agree, via, that directly from minute (even micro¬ 
scopic) unencapsulated hyperplasias develop large and well encap¬ 
sulated lesions fully deserving the name adenoma. One has there¬ 
fore to face the dilemma that although a single and continuous 
biological process may be in question, the attempt to apply a single 
term to its various phases must result in one of two incongruities: 
either minute, unencapsulated proliferations, of which it is impos¬ 
sible to say with certainty that they have attained independence 

0®) The e.Kact nomenclature to be applied to the pre-adenomatotis lesion 
or the very young adenoma is not indicate. 
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from the surroimtliuj** tissue, are misleadingly described as adenomas; 
or, on the other hand, larger, fully encapsulated lesions, clearly 
growing aui^ su h lierays have to receive the equally unsuitable desig¬ 
nation of hyper])lasia8* Thus, while we may succeed in indicating 
the fundamental identitj" of the different types as phases of the same 
process, the attempt to unify nomenclature not only leads to a con¬ 
fusion of the general principles whereby the neoplastic is distin¬ 
guished from the uoii-neoplastic, but actuallj'^ results in creating a 
false picture of what we are attempting to describe. 

It is not profitable to pursue further a discussion of these diffi¬ 
culties, already .“O familiar to pathologists in many other connec¬ 
tions. There is at present no real e8ca])e from such dilemmas which, 
although incapable of solution in terms of simple nomenclature, 
should yet be kept in mind because of the significance of the prin¬ 
ciples which underlie them. 

Another difficulty in the diagnosis of thyroid neoplasms concerns 
more especially the malignant tumours and consists in the fact that 
the cells of proliferating thyroid epithelium may assume spindle- 
shapes, leading to a confusion with sarcoma. This difficulty is 
familiar to human pathologists (see, for example. Smith, 19r30) and 
it is still to-day a vexed question whether primary sarcoma of the 
thyroid o(Murs or whether all tumours diagnosed as such are 
pseudosarcomatous carcinomas. I have not found this difficulty 
referred to in the veterinary literature. 

The Onderstepoort collection is poor in thyroid neoplasms, a 
circumstance for which the limited occurrence of strumas in this 
country is probably partly responsible. In dogs, in some parts of the 
world, goitre as well as thyroid carcinoma is relatively common 
(Bartlett, 1914, and Schlotthauer, McKennedy and Caylor, 1930, in 
America; Huguenin, in Switzerland); and the latter is considered 
to bear an aetiological relationship to the former. In this country, 
however, neoplasms of the thyroid have been encountered only in 
horses. In this spe(*ies Schlotthauer (1931) in America and several 
others before him in Euro]ie have indicated the extremely frequent 
(K'cuiTpnce of benign tumours of ihe thyroid (e.g. 37 per cent, of 
animals). And it is probable that the presence in our collection of 
only (> spec-imens of localised non-malignant proliferations of the 
thyroid of horses does not reflect a low’ incidence of such lesions in 
this country: such (dianges are both likely to be overlooked at autopsy 
(many being invisible until the thyroid is incised and the cut surface 
closely scrutinized, and even then possibly being mistaken for em¬ 
bedded parathyroids) or are often not considered worth submitting 
as specimens for microscopic examination. 

Since the benign thyroid tumours of the horse have already been 
closely described, especially bv Schlotthauer, I do not projiose to 
burden this text wnth any detailed description. Suffice it to say that 
among the Onderstepoort cases occur both fully encapsulated and 
partially encapsulated lesions; while some which entirely lack a 
capsule and further are poorly circumscribed and do not exert 
pressure on the neighbouring tissue Lave not been included as neo¬ 
plasms. In structure, the tumours vary considerably, being either 
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predominantly of what is familiarly known as the parenchyma¬ 
tous ’’ or foetal type, or of the colloid type; often there is a 

more or less equal admixture of both growth-modes (“ foetal and 
colloid adenoma). Variation occurs not only in one and the same 
nodule, but especially in different nodules in the same gland, and 
multiplicity is a very usual feature. In one case (Equine, 9616) an 
erroneous diagnosis had been made of spindle-celled sarcoma! The 
small lesion in question is, however, distinctly of benign structure, 
but the epithelial cells, assuming a spindle shape, simulate fibro¬ 
blasts to a remarkable degree. An intercellular stroma is absent, 
however. While one expects the cells of thyroid carcinoma often to 
be thus modified, I find no description of such a modification of the 
cells of a benign struma. 


The theory of origin of ** foetal adenoma from embryonic tissue 
(Wolfler) has in more recent times gone greatly out of favour and the term 
retains, for the most reliable authorities at the present time, nothing more 
than a descriptive significance. 



CHAPTER V. 


Thymoma. 

In af*(K)rdaiice with the eonseiisus of moclern opinion, the term 
thymoma is here used to indicate neoplasms which arise from the 
cellular elements (whatever their morphology) which constitute the 
actual parenchyma of the thymus, as distinct from those of the 
stroma ami of infiltrating cells not proj)er to the organ itself. In 
spite of the criticism which has been levelled at the introduction of 
this term, so long as the histogenesis of the thymus remains doubtful 
it is obviously unwise to apply to tumours of the thymic parenchyma 
a classification based on histogenetic assumptions. Syminers (1932) 
objects strenuously to the designation thymoma, saying: it is 

difficult to understand why one should use the term ^ thymoma ^ as a 
designation for lymphosarcoma of the thymus, while retaining the 
appellation ‘ lymphosarcoma ’ for tumours of identical nature in 
other parts (»t the body. As yet, so far as 1 am aware, no such word 
has been used us ‘ intestinoma ’ . . . nor ^ gastrimoiaa * . . . the 
practice of miming tumours after the organs in which they arise is a 
philologic desecration. Thus ‘ h.vpernephroma % is meaningless ex¬ 
cept as the designation for a tumour somewhere ^ above ’ the kidney 
... * he])atoma ’ conveys no conception of the cell derivation of the 
several tumours of the liver, ‘ ovarioma ’ does not serve to clarify 
our knowledge of the cell origin of tumours of the ovary 

In this criticism Symmers ajipears to miss the whole reason why 
the term thymoma has come into use, and his comparisons with 
tumours of organs like the bowel and stomach, etc., whose histo¬ 
genesis is not in doubt, are quite beside the point. As Margolis (1931) 
has well said : A correct anatomic classification of thymic neoplasms 
presup])oses unequivocal procd' of the sources of the thymic cells froiu 
which these tumours arise. In the absence of concdusive knowledge 
regarding the histogenesis of all the constituents of the thymus, 
attempts at detailed classifi<*ation of tumours of its parenchyma must 
perforce lead to inaccuracies. It appears inconsistent to admit lack 
of knowledge of the histogenesis of the normal thymus and yet to 
pro(‘eed with a dogmatic sub-division of tumours of the thymic 
parenchijmu into <*arcinomas and lymphosanomas, implying an 
origin on the one hand from epithelial structures, and on the other 
from ‘ lymphocytic ’ elements. When final conclusions concerning 
the origin of the various elements of the thymic parenchyma become 
available, such a classification may be shown to be entirely incorrect, 
in which case it would have served only to increase the overburdening 
confusion that already exists regarding many aspects of our know¬ 
ledge of the thymus. Any classification of tumours arising fix)m 
the thymic parenchyma, if it is to serve u useful purpose, should 
imply clearly the lack of definite knowledge regarding their source, 
thus avoiding confusion and stimulating interest in studies which 
may throw further light on this problem.'* 
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Margolis is wise in maintaining a reserved attitude in regard to 
our knowledge of thymic histogenesis. The literature on this subject 
is most extensive and authorities are still divided in their views. It 
may here be briefly recalled that while fairly general agreement has 
been reached regarding the entoderinal origin of the supporting 
recticuluin-cells, and while the Hassall’s corpuscles [notwithstanding 
the revival by JordanandHorsle3^(1927)of theold view of Afanassiew 
(1877) that they are of vascular endothelial derivation] are still 
generally reckoned (e.g. Hamniar, 1909, Jaffe and Plowska, 1925) 
to be derived from these reticulum-cells, the greatest controversy still 
persists regarding the nature and origin, of the small round cells 
(‘‘ thymocytes thymic lymphocytes and great doubt has been 
cast on the views of Hammar (1905), Maximow (1909), and Dan- 
chakoiGE (1916), who held the pseudomorphosis ” theory—that the 
cells in question are immigrant elements (viz. lymphocytes) from the 
mesenchyme surrounding the epithelial Anlage —^by a number of 
earlier and later WHukers (Prennani, 1894, Bell, 1906, Stohr, 1906, 
Dustin, 1911, Gottesman and Jaffe, 1926) who urge the transfor¬ 
mation theory”: this imstulates the transformation of epithelial 
elements into cells which, although morphologically resembling 
lymphocytes, must be rigidly distinguished therefrom m virtue of a 
non-mesenchymal origin and a difference in function and poten¬ 
tialities. The subject has been extensively reviewed by Badertscher 
(1915) who himself, however, adheres to the migration theory. 

In the light of this controversy it is then easy to vsee the diffi¬ 
culties that beset classification. If all the parentihymafous elements 
(reticulum cells, HassalPs corpuscles, and thymocytes ”) are of 
epithelial origin, only one kind of malignant tumour, viz. caicinonia, 
can arise from thymic parenchyma. On the other hand, if the 
thymocytes ” are true lymphocytes, the designation ” lymphosar¬ 
coma ” for some of the thymic tumours would be correct, while if 
the endothelial origin of the HassalPs corpuscles be accepted, 
tumours arising therefrom would not be thymic parenchymal neo¬ 
plasms at all, and would have to be classified as endolheliomas of 
stromal origin along with the fibroblastic sarcomas, etc., that may 
similarly arise. 

Especially may objections be raised to the proposal to designate 
as lymphosarcomas tumours of round cells in the thymus, and on 
the following grounds: — 

(1) The lymphocytic nature of the thymocytes cannot be re¬ 
garded as established with certainty. This is especially 
in doubt because of their apparent origin from regene¬ 
rative reticulum-cells in thymic transplants (Gottesman 
and Jaffe, 1926) and because of the non-participation of 
the thymocytes in lymphatic leucaemia (Margolis 1930). 
In this connection Margolis remarks that on a priori 
grounds it may be assumed that if the small thymic cells 
are true lymphocytes, having not only a morphological 
resemblance to blood lymphocytes, but also a common 
histogenetic relationship to them, there would occur in 
lymphatic leukaemia hyperplasia of the thymus gland step 
by step with hyperplasia of the lymphatic struciures else¬ 
where in the body This he finds not to be the case. 
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^2) Between tumours composed of round cells ('* lymphosar¬ 
comas and those of epithelial reticulum-cells (carci¬ 
nomas) there are intergrades in which the reticulum-cells 
are intimately admixed with thymocyte-like elements. 
For these the undesirable term lymphoepithelioma 
has been introduced (e.g. by Nathan 1929). This serves 
no further to clarify the histogenesis, and in strict defence 
of this term the thymic dualists would have to postulate 
a carcinogenic stimulus operating on two different types 
of cell simultaneously (see Chapter X). 

(^Ij Some (e.g. Ewing), while using the term lymphosarcoma, 
admit (a) that the round-celled tumours concerned 
actually differ from the true lymphosarcomas of 
lymi)hatic tissue and (b) that the source of the tumour is 
actually the reticulum cell, ‘‘ the lymphocytes being 
largely passive ”, 

I am not here urging the non-lymphocytic nature of the thymo¬ 
cyte, nor would this be the place for such a discussion, but am merely 
pointing out the need to refrain from any sub-classification of thymic 
tumours which would imply as yet unproven assumptions of thymic 
histogenesis. 


Occvrretne, —In liuiuan jjathology, tumours of the thymus are 
considered rare and are leported. In the veterinary literature one 
finds extremely scanty information regarding them, Feldman (1932) 
does not mention thymoma, and apparently encountered in America 
no case of thymic neoplasm among his extensive collection of speci¬ 
mens numbering approximately fiOO. But it appears quite likely 
that his two cases of ” pleural mesothelioma ” of bovines were in 
reality thymomas, the ])liotomicrographs strongly suggesting such 
an interpretation, especially the duality of cell types and the squa¬ 
mous-like epithelium which is mentioned. Trautniann (1924), in 
Joest’s textbook, devotes a couple of jmges to the consideration of all 
tumours of the thymus. Apart from the iion-parenchymal neoplasms 
he indicates that only in the cases of Schmidt (1921) and Wyssmann 
(1911), in a bovine and a pig respectively, diagnosed as round-cell 
sarcomas, was a thymic origin clearly established. The other cases 
mentioned concern either stromal tumours (fibroblastic sarcomas), 
“ lymphosarcomas ” in w’hich the description does not enable one 
with certainty to know if the disease was primary in the thymus 
(cf. lymphosarcomas arising in the mediastinal lymph-nodes), pos¬ 
sible cases in horses described as “ carcinomas ” hut of which no 
detailed descriptions were given, and a case reported by Joest himself 
(1912) of a tumour histologically of a mixed character found on the 
heart-base of a dog, but which he w'^as inclined to designate as a 
thymic adenoma ’’ or thymoma mainly because he could not ex¬ 
plain its origin and location by any other hypothesis (Hassall's 
corpuscles were not present). In this connection I must refer to 
my own investigations on the^ heart-base tumours of the dog, which 
indicate that tumours of distinctly epithelial appearance arising in 
this situation Wve an altogether different histogenesis, not requiring^ 
to find their explanation in an origin from some adjacent organ. 
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I have not been able to trace any further reports of thymic neo¬ 
plasms in domesticated animals since the date of Trautmann’s review 
and one must conclude therefore that only two authenticated cases of 
parenchymal thymic neoplasms have been reported, that in both 
these cases there was nothin}? of carcinomatous structure in the 
tumours, and that apart from those in the bovine and the pig no 
undoubted cases at all are recorded. 

It is, therefore, perhaps surprising that from the Onderstepoort 
material one is able to describe no fewer than seven thymomas, in 
all of which I am completely satisfied of the correctness of the 
diagnosis. Three of the cases concern bo vines, three were found in 
sheep, in which species thymoma has not previously been rejjorted, 
and the seventh ease occurred in a goat, in which species this tumour 
is likewise unrecorded. The cases will be described in full: — 

Case 1 (Bovine, 14726). 

The subject was (^) a cross-bred Fries ox, ten years of age, m 
good condition. The animal lost power in its limbs, could rise on 
the fore-feet only, later developed dysphagia being able to swallow 
fluids only, and was apparently in great pain. It bad to be destroyed 
five days after the first symptoms were noticed. On post-mortem a 
growth was found “ just inside the thorax, involving the oeso¬ 
phagus An enlargement was visible externally. 

A flattened discoidal piece of creamy coloured tissue was sub¬ 
mitted for diagnosis. It measured 8x6x1-5 cm,, but apparently’ 
represented only a portion of the entire tumour. On one surface it 
was covered by a thin connective-tissue caps\ile, while the opposite 
surface (a cut surface) was honey-combed by innumerable polygonal 
cavities containing a whitish jelly (formalin-fixed specimen—contents 
coagulated). 

Microscopically (Figs. 95 and 96), the sections show that (on the 
intact side) the tumour is covered by a fairly thin collagenous con¬ 
nective-tissue capsule well supplied by blood-vessels and lymphatics. 
In parts this capsule itself is infiltrated by the neoplastic cells. There 
is also in parts a leucocytic infiltration and in some of the capsular 
lymphatics large numbers of cocci are present. From the capsule 
proceed inwards only occasional collagenous trabeculae and for the 
most part the stroma of the tumour is formed solely by thin-walled 
blood-vessels, of which there is a generous supply. The parenchyma 
is composed of the pleomorphic cells to be described, lying between 
which are small round cells having trachychromatic and pachy- 
chromatic, rounded or slightly angular nuclei, i.e. the morphology 
of thymocytes or small lymphocytes. The chief cells present a varj-- 
ing appearance and this nleomorphism appears to be due partly to 
growth pressure and partly to actual varying degrees of differentia¬ 
tion. Hegarding their arrangement, the most prominent feature is 
their occurrence in whorls (Pig. 96) which have the follow¬ 
ing appearance. The cells in the central part of the whorl 
lie somewhat irregularly arranged and possess a relatively 


0) According to the sender, the Qoverninent Veterinary Officer, Oraham- 
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large amount of faintly staining cytoplasm whose border is 
indistinct. The nitclei vary much in size and may be crowded 
together with their borders touching or may be more ividely 
separated. These nuclei are variable in shape, oval to rounded. 

have a rather sharply defined membrane and are 
decidedly vesicular in appearance. They may show inconspicuous 
nucleoli. Often there is hyperchromatism and the membrane appears 
thickened on account of peripheral condensation of the chromatin, 
either in the form of several wedge-shaped masses w’ith their bases 
lying again.st the membrane or as two masses at opposite ends of the 
nucleus, giving the latter a striking bipolar or “ capped 
appearance. 



Fio. 95.—Thymoma of the bovine: ]>uality of the cell types and tendency to arraneement 

in whorls. (14726 ; 240 X). 


Around this central portion, and without demarcation there¬ 
from, the cells are arranged in concentric \rhorl formation, becoming 
increasinglv spindle-shaped towards the periphery. The cytoplasm 
of these cells is smaller in amount. The nuclei vary from elongated 
oval to long cigar or spindle shapes. Apart from this lateral <x)in- 
pression the nuclei are similar to those of the centrally placed cells* 
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At the periphery of the whorls^ the cells pass over insensibly to a 
diffuse type of growth in which they are arranged in long, ill-defined 
strands running in all directions and composed of spindle-shaped 
elements arranged with their long axes parallel to one another or 
of cells which are more widely separated and irregular in shape, wdtli 
indistinct cytoplasmic borders, and rounded or oval nuclei. 

While round cells occur in varying numbers among these chief 
cells, whatever their arrangement may be, yet the whorls and the 
strands of spindle cells are relatively, and often entirely, free there¬ 
from. The round cells lie in greatest number among the more irregu¬ 
larly and diffusely arranged chief cells. In large parts of the tumour 
this latter pattern is the only one seen, the whorls being absent. In 
such areas there are more lightly and more darkly stained fields 
depending on the density of aggregation of the round cells, which 
in some places are actually more numerous than the chief cells, but 
this is not usual. Although this alteration of light and dark areas 
occurs without definite pattern, the appearance produced is very 
reminiscent of cortical and medullary areas of the thymic lobules, 
although of course there are no septa demarcating lobules. 



Fio. 9C.—-Another portion of the bovine thymoma iUuetrated in fig. 95: Formation of 
Hassall'o corpuscles end of oyMe (above, loft). (14726 ; 120 x). 


In many places (Fig. 96) the cells become greatly changed in 
appearance: the cytoplasm , is markedly increased in amount, 
altnough still faintly syncytial in nature, and the 

nuclei are increasingly vesicular and often attain twice the siae of 
those previously desenbed. Thus are Idrmed large, irregular sheets 
and strands of cytoplasm with widely separated nuclei* Among the 
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cells of these sheets there are some which show j)ronoiinced de4?:ene- 
ration* The cytoplasm becomes more acidophilic and of a hyaline 
appearance, comes to contain vacuoles and inclusions, and the 
chromatin of the nucleus becomes arranged in tine dust-like particles, 
the nuclei ultimately undergoing lysis, with a surrounding concentric 
striation of the cytoplasm. Many of the structures so formed are 
quite clearly of the nature of Ilassairs corpuscles (Fig. 96), The 
same degenerative changes may overtake individual cells in other 
parts of the neoplasm. 

(^ysts of two types occur:—^(1) lii parts, cysts of this type ocoujiy 
a considerable amount of the tumour tissue. They are large, irregu¬ 
larly polyhedral cavitievS (seen macroscopically, r. supra) lined by 
cells of the type which take part in the formation of the “ Hassall’s 
corpuscles ”, and having no backing of connective tissue whatever. 
In other words they are merely spaces in the tumour at the edges of 
which the chief cells become larger and arranged to form an irregular 
lining. These cysts contain a serous material in which are found 
round cells, (Ies(|uamated lining cells, and strands of fibrin, or sojne- 
times a fair number of erytluocytes. (2) Comparatively infrequent 
are smaller tubules or cysts c»i circular outline and lined by cells of 
unmistakably epithelial apiieuiauce (Fig. 96). The cells are columnar 
in shape and have ill-defined contiguous borders and a condensation 
of the cytoplasm at the free (distal) border which causes a thin 
reddish line to appear in haemalum-eosin-stainejl sections. Their 
nuclei are spherical to oval. There is no basement membrane or 
suh-epithelial connective-tissue layer, the cell cytoplasm being, at 
the base of the cell in continuity with that of the diffusely growing 
chief cells in the immediate vicinity, although in some sections 
such continuity is obscured by a retraction of the surrounding tissue 
from the tubular lining, leaving an artificially-i>roduced space. The 
nature of the nuclei of these columnar cells is similar to that of those 
of the other varieties of the chief cell. These cysts contain a serous 
fluid and occasional small round cells and pigmented macrophages. 
Occasionally the liniug cells are much flattened, simulating an 
endothelium. 

A study of sections stained with Mallory's fibrillar stains shows 
that in general a fibrous reticulum is absent. In the degenerating 
large cells forming HassalTs corpuscle-like structuies the phospho- 
timgstic-acid-haemutoxylin method reveals prominent, blue-stuining, 
intracellular fibrils and granules. A delicate, intercellular reticulum 
may be shown up by the triple stain in parts where the round cells 
are* closely aggregated (probably associated with the adventitia of 
blood-vessels), but usually disappears completely iii the purely 
reticulum-cell i>ortious of the giwth, e.g. in the whorls. 

Mitoses are only found in the tumour after prolonged searching. 

Remarks .—This tumour had previously been diagnosed 
(routinely) as endothelioma, no information having been supplied 
regarding its situation. The nature of the neoplastic cells and the 
prominence of whorls make this interpretation quite easy to under¬ 
stand. On seeing the preparation, however, I was struck by the 
syncytial nature of the neoplastic parenchyma and especially by the 
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Hassall’s corpuscle-like structures and the epithelial-lined cysts, and 
succeeded on enquiry in eliciting from the sender an admission that 
the growth occurred in the thoracic inlet and cranial mediastinum 
as described above. 

The thymic origin of this tumour is clear both from its location 
and from the histology. It is to be regarded as arising from thymic 
reticulum (epithelial) cells and corresjjonds to the tumours of the 
human thymus for which the designation carcinoma is often used. 
The association of the small round cells with the chief cells in such 
cases has led German authors to the designation ** lympho-epithe- 
lioma ”, but such a term is objectionable because (a) lymphocyte 
is in any case a term which it is inadvisable to use when referring to 
thymocytes, (b) the round cells do not appear necessarily to represent 
an integral part of the tumour, apparently behaving passively, and 
(c) the term would suggest a mixed tumour of dual histogenesis, a 
conception which can find little support from a study of such growths, 
and ivhich indeed, we scarcely believe that those who use it intend to 
imply. There is, further, grave objection to the use of the term 
carcinoma for such tumours in the present state of our knowledge, 
for as Margolis has pointed out, this is likely to be construed as 
implying the probability that there is more than one thymic ])aren- 
chymal neoplasm, viz. carcinoma and lymphosarcoma, and that tlie 
thymus has a dual histogenesis. For these reasons the term thymoma 
is retained in diagnosing the present case as well as the two following 
ones. 

Cane 2 {Boriae, 59()()). 

The subject was also a bovine, of which no details are available. 

Macroscopically, the museum specimen (Fig. 97) consists of a 
bulky tumour lying in the cranial mediastinum ventral to the apical 
lobe of the right lung, which it displaces dorsally. The main mass 
of the tumour measures 14 cm. in diameter. It is laterally com¬ 
pressed and for the most part limited by the mediastinal pleura, 
which is firmly adherent to the apex of the lung. There appears to 
be no actual invasion of the pulmonary tissue at any point. The 
mass has a whitish colour and it shows some tendency to lobation, 
very irregular tracts of tissue being demaicated by loose connective- 
tissue septa. It is traversed by a few blood-vessels of venous type 
and has a soft, friable consistency, resembling lymphoid tissue. 
Ventrally there is extensive penetration of the capsule. The peri¬ 
cardiac pleura in its loww part and the pulmonary pleura of the 
apical lobe of the lung show' multiple, broadly attached, raised 
nodules of the same tissue varying in diameter from 2 mm. to 2*5 
cm. and one still larger mass, 7 cm. in diameter and apparently 
composed of confluent nodules, lies partially on and partially in¬ 
vading the mediastinal pleura at its junction with and immediately 
^udal to the pericardiac plexira,. The ventral border of the lung 
is adherent to this mass by strong fibrous bands. 

The structure as seen in many of the sections is somewhat mis¬ 
leading. Oh casual examination one simply sees closely packed 
masses of small round cells having the morphology of smaU lympho- 
cyies (thymocytes) and one is at first glance inclined to think of a 
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lymphocytic or round-celled ” tumour. On examination of the 
same sections stained by Mallory’s triple stain, suspicion is aroused 
because these round cells are seen not to be supported by a fibrillar 
reticulum(“); such reticulum is confined to the blood-vessel adven- 
titiae from which it may penetrate for only a very limited distance 
between the cells. This finding leads to a closer scrutiny (for of course 
it is a general rule that non-sessile cells in tissues be they normal 
or neoplastic, require support). It is then seen that the small round 
cells are supported by larger and paler elements, which in most 
parts of the tumour are, however, almost completely obscured (cf. the 
cortical portion of the normal thymic lobule) by the densely aggre¬ 
gated round (^ells. These pale elements can be well studied only in 



Fra. 97.—Gross appearance of thymoma of the ox i Tumour situated in the cardiac medias¬ 
tinum (right) displacing upwards the apical lobe of the lung; socondaiy nodules 
on the pericardiac pleura (centre, below) and on the pulmonary pleura (to left 
of and above centre). (5966; 1/3 X). 

certain parts of the tumour, where they are seen to be poorly out¬ 
lined, irregularly shaped, and branching cells which form small sheets 
or tracts in which the cytoplasm of the individual elements is not 
clearly demarcated, in which there is relatively little or no admixture 
of round cells, and with which is continuous the branching cellular 
raticulum forming the support for the dense masses of round cells. 
These large cells may measure up to 30/t in diameter. They have 

(*) With Mallory’s stain, the cell borders, often more deeply stained, 
must not be mistahen lor a reticulum. 
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large, pale, oval nuclei showing considerable variation in siae and 
shape, often measuring some 18 /a in diameter (smaller ones measuring 
ca. 10/i are also to be seen). The nuclear membrane may be 
thickened in parts and often shows coarse indentations or serrations* 
The chromatin network is very inconspicuous and, indeed, not at all 
visible in the majority of the cells. The cytoplasm is rather large 
in amount and may be conspicuously vacuolated. In many cases 
several nuclei lie closely aggregated in a mass of cytoplasm in which 
no demarcation of individual cells can be discerned. Scattered 
eosinophiles are present throughout. 

No mitoses are seen in the small round cells, while among the 
large supporting cells mitotic figures can be demonstrated only by 
prolonged searching. The very low mitotic index was not worth 
recording. No evidence of transitions between supporting cells and 
round cells was obtained. 

Remarks .—This tumour had erroneously been diagnosed as a 
round-celled sarcoma But the location in the cranial media¬ 
stinum, the absence of intercellular reticulum, the limited malig¬ 
nancy (as shown by the tendency to encapsulation, the low mitotic 
index and absence of true metastasis), the^ presence of the charac¬ 
teristic supporting cells, which lack association with reticulum fibres, 
which are also arranged in sheets, and among w^hich here again the 
round cells, however much they may dominate the picture, appear 
yet to play a passive role, are all quite characteristic of tumours of 
thymic origin. Although the typical Hassairs corpuscle-like 
moieties are not seen, there is here also no hesitation in identifying 
the tumour as thymoma. The discrete nodules on the pulmonary 
and pericardiac pleurae are interpreted as trauscoelomic implanta¬ 
tions and are to be ^Torrelated writh the capsular penetration observed 
in the primary tumour. 

Case 3 {Bovine y 6467). 

No details are available regar^ng the subject of this specimen(^). 
It consists of fragments only of k soft-textured neoplasm which is 
encapsulated beneath a serous membrane (pleura). 

Microscopically, the neoplastic tissue is enclosed by a well- 
developed collagenous connective-tissue capsule (corresponding to the 
thickened subserosa), the outer surface of which is covered by 
(pleural) inesotheliuin. In places the capsule is infiltrated by the 
tumour parenchyma to a limited extent. From the capsule occa¬ 
sional thick strands of connective tissue course through the tumour, 
the stroma bein^ otherwise almost exclusively formed by small 
blood-vessels, which are present in rather large numbers. The 
tumour parenchyma consists of a diffuse arrangement of ill-defined 
cells with pale staining nuclei* They are apparently arranged as a 
syncytium and between them occur very variable numbers of small 
round elements having the morphology of small lymphocytes. In 
many places the latter are so densely arranged as almost to obscure 
the pale supporting cells, in other parts the supporting elements 
predominate. The cytoplasm of the latter is not easily studied: it 
stains very palely with haemalum-eosin, is non-granular, and 
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appears to assume ill-defined spindle and stellate shapes. The nuclei 
are characterised by pleomorphism and by extreme amblychromasia. 
In general they are large, but vary from ca. 5 • 5/a to 13 • 5/a in longest 
diameter; most of them exceed 10/a. They vary greatly in shape 
from oval and spindle forms to kidney and bean forms; not a few 
are highly irregular, the thin and sharply-defined nuclear membrane 
presenting serrations and angularities. Twisted dumb-bell shapes 
suggestive of meiosis are also to be seen. The nuclei are very poor 
in chromatin, which exists as a scarcely visible network or as ex¬ 
tremely fine granules. In many of them no nucleolus is identifiable, 
but in the majority one or two inconspicuous nucleoli are seen 
(n : N —1 : 50 to 1 : 25). Larger nucleoli (n : N = 1 ! 9) may be 
found in certain small, non-sessile, rounded cells which still have ambly- 
chromatic nuclei and w’hich (leaving aside theoretical implications 
and judging merely on the morphological appearances) could well l>e 
described as transitional between the reticulum cell type and the 
lymphocyte-like type. So much for the size of nucleoli w’hich are 
unaltered in staining qualities and which are readily recognisable as 
such. But globular intranuclear inclusion ’’) bodies are of fairly 
frequent occurrence in the supporting cells and reach considerable 
dimensions. They are identical with those described elsewhere in this 
work, and doubtless also represent altered nucleoli. They are sharply 
outlined, hyaline bodies, rounded to oval in shape and situated cen¬ 
trally in the nucletis. They vary greatly in size, reaching a diameter 
of 7* 5/a. When fully developed they do not take ^ stain, or stain a 
very faint pink with haemalum-eosin. Stages intermediate between 
these bodies and “ normal nucleoli can be recognised. Such an 
altered nucleolus may be found along with a ‘‘ normal nucleolus 
in the same nucleus. Including these bodies in the consideration of 
the n : N ratio one obtains a figure of as much as 1 I 2*5. 

The cells described are in continuity with concentrically 
arranged elements of the same general type which surround one or 
more central degenerated cells. These bodies are often the subject 
of neutrophile infiltration and in all respects resemble the concentric 
corpuscles of Hassall; but they are of much less frequent occurrence 
than in thymus tissue and so are easily overlooked. They are strongly 
acidophilic and present concentric lamellation. The nuclei of the 
degenerate elements are pyciiotic, those of the surrounding concentric 
elements are somewhat enlarged and hyperchromatic, being 
“ dusted ’’ with comparatively coarse granules of chromatin. In¬ 
dividual elements undergoing similar changes and having a coii- 
denwsed, strongly eosinophilic cytoplasm may also occasionally be 
encounteretl. 

Eosinophilic myelocytes, mature eosinophiles, and all interme¬ 
diate stages are found scattered among the other elements in 
inconstant but often (jonsiderable numbers. The myelocytes, espe¬ 
cially in their earliest stages (promyelocytes) are often so closely 
related to the reticulum cells as to suggest the possibility of a direct 
transformation of the latter into the former. This possibility had 
always been borne in mind in the examination of the other cases of 
thymoma described in this work, but no finality was arrived at. It 
seemed that in the tumour under discussion, an opportunity of proof 
was offered in view of the occurrence of the hyalinised nucleoli in 
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the tumour cells. If such could also be demonstrated in the eosino- 
phile granule-containing elements, valuable evidence of the suspected 
transformation would be provided. However, in spite of the closest 
s<',riitiny, it w as not possible to identify such bodies in the nuclei of 
granule-containing cells, although many of the eosinophilic pre¬ 
cursors could not be distinguished from the tumour cells on any basis 
otW than that of the presence of granules in their cytoplasm. 

As has already been mentioned, the appearances seen in this 
tumour are also consistent with the transformation of the reticulum 
type of tumour cells into the thymocyte type. But here also it seems 
better to keep an open mind regarding this possibility. 

The reticular intercellular stroma in this tumour is confined 
mainly to the vicinity of the blood-vessels, and in places where 
capillaries are numerous a fairly continuous fibrillar stroma is to be 
seen between the neoplastic cells; but here, as elsewhere (where 
blood-vessels are less numerous), there appears to be no special 
association of the fibrils w’ith the neoplastic cells, and it was con¬ 
cluded that these cells do not participate in the formation of fibrils(*). 

In parts of the tumour there is extensive necrosis and fibrosis. 
Blood-cells may be seen in direct contact with the neoplastic cells in 
places. The mitotic index is nil. 

Reman^ks.—^o details of the autopsy appearances are available 
in this case, w^hich is therefore useful in illustmting with what degree 
of certainty thymoma may be recognised in the absence of such 
information, a point which is often of great practical importance in 
veterinary pathological routine, in which so frequently accurate 
information does not accompany the specimens submitted. From the 
circumstance that the tumour tissue is encapsulated beneath the 
pleura, one can deduce with reasonable certainty that it occupied the 
mediastinum. The histologic and cytologic details—tendency to 
invade the capsule, the strxicturp of branching reticulum-like neoplas¬ 
tic cells (not especially associated with fibrous reticulum) supporting 
small round cells which appear to be largely passive in their be¬ 
haviour, the presence of eosinophiles and their precursors, and finally 
the Hassall’s corpuscles—all are typical of thymoma. Previously, 
an erroneous diagnosis of round cell sarcoma had been made. 

Case 4 {Bovine^ 12785). 

The specimen, which represents the half of a tumour found 
during the dressing of the carcass of an ox between the heart and 
the bifurcation of the trachea is an ovoid mass measuring about 
15 cm. in length. It is encapsulated beneath the mediastinal pleura. 
On section a system of coarse bands of dense, white fibrous tissue is 
conspicuous; these septa vary from 3 mm. to as much as 1 cm. in 
width. They demarcate the soft, yellowish-white parenchyma into 
irregular areas measuring from 1 to 4 cm. in diameter. Eeadish dis¬ 
colorations (haemorrhages) are frequent in the tissue and may 
measure up to 1 cm. in diameter. 

(*) Note that with reference to the retionium in nomta) .tisane the 

position is generally regarded as being the same as is described m this tumour. 

210 



OYT^E CASKS. 


On microscopic examination is seen a system of coarse, acellular 
trabeculae of hyaline fibrous tissue with delicate secondary septa in 
which the smaller blood-vessels are supported by reticular connective 
tissue only. The parenchyma consists of palely staining cells with 
ill-defined cytoplasmic boundaries and oval to spindle-shaped nuclei. 
The latter are amblychromatic and have inconspicuous nucleoli, 
although hyaline intranuclear bodies (presumably of nucleolar 
origin) are of frequent occurrence. These cells, although arranged 
us a syncytium, are not definitely or regularly associated with a 
fibrous reticulum. Among them occur a variable but Tisually small 
number of round cells having the structure of small lymjjhocytes. 
There are many areas of necrobiosis, haemorrhage, and calcification. 
Both the capsule and the coarse bands of the stroma are often par¬ 
tially invaded by the parenchymal elements. No Hassairs corpuscles 
were seen. Eosinophiles are absent. The M.I. is 0. 

Hemurk ,—An erroneous diagnosis of spindle-celled sarcoma hud 
been made. 

Dingnons, —Thymoma. 



Fic. 98.—Tliymoma in the sheep: A massive tumour of the precardiac mediastinum, 
extending backwards to tho cardiac region; note the displacement, marked 
atrophy, and adhesions of the apical lobe of the lung. (13561; 1/3 X). 


Cme 5 {Ovine^ 13561). 

The subject was a sheep slaughtered at the Pretoria Abattoirs 
and from which a specimen was kindly collected by Dr. H. H. Curson, 
of this Institute. 

Maci'oscopically, the specimen (Fig. 98) consists of the right 
lung, attached to the mediastinal surface of the lower part of whose 
apical lobe is a massive greyish-white tumour measuring 18 cm. 
antero-posteriorly, 11 cm. dorso-ventrally, and 9 cm. transversely. 
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This tumour is oval or bean-shaped with a depression in the middle 
of its dorsal border at the point where the lung becomes adherent. 
From here, the apical lobe, which is thinned to a paper-like mem¬ 
brane, stretches downwards as a broad band across the middle of the 
lateral surface of the tumour, whose ventral border it does not reach. 
The pulmonary pleura is closely attached to the tumour by several 
radiating bands of connective tissue, but there is no evidence of 
invasion of the pulmonary tissue, the tumour being in general 
smooth, covered by glistening serosa which is actually the pleura of 
the expanded cranial mediastinum (as is clearly seen venti*ally, where 
a portion of the latter, excised with the tumour, is seen to be reflected 
over the tumour to provide its serous covering). On the left surface 
of the tumour also, a i>ortion of adherent, compressed pulmonary 
tissue is present, obviously corresponding with the apical lobe of the 
left lung. In places the tumour bulges grossly beneath its serous 
covering, and also forms small irregularly outlined protruberancies 
ea. -5 cm. in diameler, limited by the serosa only. Elsewhere a 
definite capsule, 2 mm. in thickness, underlies the serosa. This 
capsule is tensely distended by the neoplasm. The hiug, apart from 
displacement and pressure atrophy in the neighbourhood of the 
tumour, shows no changes. 

Micros(‘opicully (Fig. 99) the tumour is enclosed by a loose- 
textured connective-tissue caj)sule, whose outer surface is covered by 
(pleural) mesotheliuiu and which does not sharply circumscribe the 
tumour parenchyma which extends as prolongations through the 
capsule to within a short distance of the serosa. The tumour has a 
much branched and irregular stroma, consisting of a very loose 
connective tissue <*ontaining many fibroblasts and but sparse (ollagen 
fibres. This provides an extremely indistinct demartiatiou of paren¬ 
chymal lobules, into which extend irregular intralobular prolonga¬ 
tions of the stroma. Thus the stroma is, while quite prominent, 
poorly collagenised and irregularly formed, so that at best an in¬ 
distinct lobulation obtains; the parenchymal cells appear to 
infiltrate the stroma just as they do the capsular investment and only 
on high magnification is the demarcation of stroma and paienchyma, 
at all clear. The stroma is rich in thin-walled blood-vessels. 

The parenchyma is immediately reminiscent of thymic tissue. 
There is no demarcation of lobules into cortex and medulla, but the 
structure is (as in the case of the thymus), that of framework of 
pale, vaguely outlined but apparently branching cells; having pale, 
vesicular nuclei, wdnch supports and is largely obscured by the more 
numerous and darkly staining small round cells having the mor- 
\)hology of lyjnphocyies (thymocytes). 

What appear to be condensations of the reticulum-like cells 
(for their elements have a similar morphology and continuity is easily 
traced) occur in the form of irregularly rounded agglomerations of 
epithelioid elements which are closely packed together, have indis¬ 
tinct outlines and a distinct tendency to concentric arrangement 
(Fig, 99). Typically the outer cells of &e8e condensations, elongated 
and gently curved and having somewhat elongated nuclei, are 
arra^^d in two or more whorls which surround and are in con¬ 
tinuity with the more centrally placed cells. The latter have a 
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Fio. 99.—Structure) of the thymoma of the sheep (fig. 92): Large, pale (reticulum) cells 
and Tariablo nnml^rs of small, round cells; above and below, formation of 
Hassairs corpuscles. (13661; 420 x). 
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Biuiilar appearance except that they are more oval and have plumper 
and shorter nuclei. Similar condensations of cells may occur also 
in the form of elongated, narrow cords having a tendency to infiltrate 
the interlobular septa. These cell condensations remind one in all 
essential respects of developing Hassall’s corpuscles and, further¬ 
more, in not a few of them the central cells have undergone degene¬ 
rative changes, viz. cornification, with thickening of the nuclear 
membrane, nuclear shrinkage, etc., in the manner familiar in the 
case of the fully developed concentric corpuscle of the thymus. 
Sometimes the small round cells may be present in among the epithe¬ 
lial condensations, which they give the appearance of infiltrating; 
but no distinct evidence of transition from reticulum-cell type to 
thymocyte type was obtained. 

Both types of cell infiltrate the connective-tissue septa, but 
appear to respect the walls of blood-vessels, however thin these may 
be. Scattered eosinophile granulocytic elements are to be seen in 
both stroma and parenchyma; some appear as mature granulocytes, 
others to be in the myelocytic stage. 

Sections through the attached area of the lung show a localised, 
chronic, productive pneumonia, without tumour invasion. 

No nucleolar enlargement was observed. The M.I. is roughly 3. 

Remarks *—The position of this tumour—in the precardiac 
mediastinum—its topography, the features of encapsulation with 
capsular and stromal infiltration, and above all the histology, viz. 
a framework of reticulum-cells (unassociated with a fibrillar reti¬ 
culum) which supports cells of the thymocyte type and which cells 
undergo concentric condensations, wherein the elements assume 
definitely epithelioid appearance and show a tendency to degenerate 
into bodies resembling concentric corpuscles, stamps this neoplasm 
as a thymoma. No fiiller criteria of its nature could, indeed, be 
desired. This was the only tliymomtf in which mitoses were at all 
frequent. The count mentioned has not been included in the table 
on page 31. 

Case 6 {Ovine^ 2536). 

No details of the subject are available. The specimen consists 
of portions only of a neoplaspi covered by a roughened serous mem¬ 
brane (pleura) and haying a soft consistence like lymphoid tissue. 
To parts are adherent pieces of lung which have been ablated together 
with the tumour. Microscopically, the tumour tissue is seen to be 
strongly encapsulated by the thickened subpleural tissue and 
although there are signs of invasion of this capsule there is no 
encroachment on the pulmonary tissue. There is a moderately pro¬ 
minent connective-tissue stroma which very incompletely separates 
lobules of parenchyma. The latter is composed of two types of cells. 
Small round cells predominate in most places and are supported in 
the meshes of a syncytium constituted by stellate or spindle-shaped 
elements which are palely stained* Here and there the latter form 
condensations in which the elements are now of distinctly epithelial 
appeatance, and occasionally there is a tendency to a concentric 
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arrangement of the cells accompanied by increased acidophilia of 
their cytoplasm (Hassall’s corpuscles), Eosinophiles are present but 
very sparse. The M.I. is 0. 

Diagnosis. —Thymoma. 

Case 7 {Ca/prine, 12797). 

The subject was an adult (“ full mouth ”) Angora she-goat 
which came to autopsy at this Institute. It was stated to have been 
in “ very gcnal ” condition and was, in fact, inclined to adiposity. 
At pos1-3nortem a bulky tumour was found to occupy the precardiac 
and also a part of the cardiac mediastina, reaching from the thoracic 
inlet to a i)oint ventral to the bifurcation of the trachea. It was 
cream coloured, of soft and very friable consistence, and appeared 
largely necrotic, containing many amorphous, chalky centres. The 
specimen measures roughly 25 vin. long, 15 cm. dorso-ventrally and 
11 cm. in w'idth. It is irregularly lohed and of indefinite shape, 
adapting itself to the cianial portion of the thoracic cavity and the 
organs contained therein. In part it is covered by the mediastinal 
pleura but it often protrudes through the latter in the form of naked 
bosselatioiis. The pericardium, especially on the left side, is closely 
surrounded but not invaded, the tumour here lying beneath the 
pericardiac pleura. Many detached masses, nodular or plaque-like 
in form, are found on the mediastinal and left apical pulmonary 
pleurae. They vary from 2 jum. to 5 cm. in diameter and the 
irregularly roun<led nodules may be distinctly pedunculated, being 
attached by strands of newly-formed fibrous tissue. The apical lobe 
of the left lung is displaced dorsally and is much thinned (1 to 2 
mm.). The nodules are confined to its pleura and do not invade the 
underlying pulmonary tissue. There are no inetastases either in the 
bronchial or mediastinal lymph-nodes. Other interesting autopsy 
findings were a greatly enlarged thyroid (20 Gm.) and the presence 
of a (relatively) equally enlarged thyroid in the three-month foetus. 
The rest of the findings (chronic^ cholecystitis, acute catarrhal en¬ 
teritis, tmnor splenis, hepatic degeneration, hydroperitoneum, and 
hydropericardinm) are scarcely relevant to our purpose. 

Microscoi)ically, sections from different regions of the tumour 
show that its greater part is in a vstate of total necrosis; outlines of 
the co?mective-tissue stroma enclosing caseous and often granular 
calcified material are all that is seen. Where the tumour tissue 
survives the structure is as follows:—There is a pronounced lobular 
structure due to a fairly uniform and well collagenised system of 
branching and anastomising trabeculae, which carry a moderate 
number of blood-vessels, in which wide lymphatic's are often promi¬ 
nent and whose final ramifications, often some 15/ii in thickness, com¬ 
pletely, but more usually ineomjdetely, separate the units of the 
parenchyma. These lobules vary in size, but are often about *5 inm. 
in diameter and are rounded, oval, or polygonal in outline. They 
are cxmstitiited by two types of cell, w’hich vary much in their 
relative numbers in different parts: — 

(a) The first is a branching cell in apparent continuity with its 
neighbours. It has a poorly defined, but extensive, faintly eosino¬ 
philic c^ytoplasm and a large, oval or irregularly oval, extremely 
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ainblychroniatjc nucleus, usually between 8ju and 12fi in long 
diameter. These nuclei show poorly developed nuclear membranes 
and a very inconspicuous and delicate chromatin network. Nucleoli, 
when visible (which is not the case in the majority of nuclei), are 
inconspicuous and do not exceed, in n I N ratio, 1 ! 50. These 
cells, anastomosing by means of their stellate cytoplasmic processes 
(i) form a reticulum in which the second type of cell is supported, 
often being present in such numbers as almost or completely to 
obscure the large, pale cells; or (ii) in some parts, where the second 
type of cell is absent or in smaller numbers, may form more solid 
sheets in which the cell morphology may better be studied. In these 
latter areas two morphological modifications of the supporting .cells 
may be seen: (a) the cells sometimes show the faintest tendency 
to arrange theiriselves around a central, extremely indefinite 
lumen some 30// in diameter, which is largely occupied by the 
rarefied cytoplasm of centrally-lying cells of the same type. This 
tendency is not at all striking and is only observed on close scrutiny; 
(/3) occasional condensations of these cells form bodies resembling the 
concentric corjmscles of Hassall but sorneAvhat more irregularly 
formed and of far less constant occurrence. The cells arrange them¬ 
selves in irregularly concentric fashion about a central mass of 
degenerate elements which have a strongly eosinophilic cytoplasm of 
hornified (hyaline and lamellated) appearance and fragmented 
nuclei. The surrounding cells (from without inwards) develop fine 
granulations and then a definite eosinophilia of their cytoplasm and 
their nuclei become somewhat larger and hyperchromatic (thickened 
nuclear membrane and a few scattered chromatin granules, the 
nucleus, however, still remaining decidedly vesicular in type). These 
corpuscles may reach a (longest) diameter of 120//, more usually they 
measure less than 75//. 

(6) The second type of cell resembles in all respects the small 
lymphocyte (or the “ thymocyte ’’) and its morphology need not be 
further desc^ribed. These cells are present in most variable numbers, 
often entirely obscuring the pale reticulum cells of an entire 
lobule; at other times they are concentrated in small (but ill-defined) 
foci in parts of the lobule. Sometimes these foci are situated for 
preference towards the periphery of the lobule, so that the resem¬ 
blance to a lobule of the thymus gland may be increased by the 
fact that the central (medullary) portion is comparatively tree from 
the small cells. Further it is iirthis central portion that the concentric 
corpuscles are situated (as in the normal thymus). In parts the small 
round cells may be almost or entirely absent from a lobule or a 
portion thereof and here the more solid structure of the reticulai’ 
cells is seen. But whatever their arrangement, the variations in the 
distribution of these small round elements is responsible for a varie¬ 
gated light and dark staining, as seen in thymic tissue, but without 
the regular (medullary-cortical) pattern of the latter. 

I cannot say whether transitions occur between the two cell 
types. The appearances are not inconsistent with such a view, but 
one is of course familiar with the difficulties of making such state¬ 
ments when dealing wdth lymphoid-like tissue. Strands of tissue 
containing both types of cells may be seen invading the stroma and 
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pushing apart the rollageiious tissue along its natural cleavage lines, 
and not infrequently this invading tissue grows into immediate 
contact with and bulges inwards the intima of thin-walled vessels of 
venous and also apparently of lymphatic nature. The actual act of 
penetration was not observed in the sections studied but in several 
cases the lymphatics contained loose masses of lymphocyte-like 
elements which, since among them occur (^ells of the reticular type 
and even of the type entering into the formal ion of the concentric 
corpuscles, are urujoubtedly derived from the neoplasm, showing that 
such intravascular invasion had indeed occurred. The small lympho¬ 
cyte-like cells may also arrange themselves to cover, in a single 
layer, the surface of loose iriasses of fibrin wdthin the vessels. 
Sparse eosinophiles are to Ik^ seen infiltrating the stroma and also 
occurring in the parenchyma. The great majorily of them appeared 
clearly of adult type (leucocytes). Mitoses are absent. 

Both foetal and maternal thyroid show a pronounced goitre of 
parenchymatous type. 

Remarks ,—A largely necrotic, bulky, but slowly growing tumour 
of the cranial mediastinum, imrtially encapsulated by the pleura 
and often also jienetrating the latter. It forms multiple secondaries 
on both parietal and visceral pleurae, apparently mainly by trans- 
coelomic implantation, but very probably also by lymphatic meta¬ 
stasis in the siibpleural plexus. ITistologically it show’s a tendency 
to invade its stroma and to penetrate vessels. It haU a lobular strin*- 
lure and duality of parenchymal elements as well as concentric 
corpuscles clearly reminiscent of thymic tissue. Cysts lined by 
epithelial-like elements are scarcely formed, there being only a vague 
tendency to such. In the same snbjeet were found pronounced 
parenchymatous goitre and a similar affection of the foetus. 

Diagnosis, —Thymoma. 


Summary. 

The appaient rarity of thymoma and the meagre records of this 
tumour among domestic animals prompted a closer investigation of 
the features on wliich this diagnosis may be based. There are re¬ 
ported, in addition to cases in bovines (in which the disease is 
already recorded), 2 cases in sheep and a case in an Angora goat, 
species in w’hich thymoma has not to my knowledge i)reviou8ly been 
observed. The fact that some of these tumouns had'erroneously been 
diagnosed as lymphosarcomas or round-celled sarcomas makes it 
probable that the tumours occur more frequently than the literature 
indicates but that they are not recognised ns such. It is interesting 
that thymoma is the only malignant internal tumour that we have 
encountered in goats, all the other malignant neoplasms of this 
species being skin tumours (epitheliomata). Whether the fact that 
this case w’as encountered in an Angora goat, a breed whidi w'e know’ 
is especially liable to cutaneous neoplasms, indicatevS that the sus¬ 
ceptibility of this breed to malignant tumours is not only confined 
to cutaneous neoplasms cannot be decided on the basis of a single 
case, but is worth bearing in mind. 
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In rnminanis, tuinoiirH of whitish colour and soft consistence 
lying in the preeardiac and sometimes extending into the 
cardiac mediastinum or into the neck, displacing the apical 
lobes of the lungs dorsally and causing interference with 
the structures passing through the thoracic aperture should 
be suspected of being thymomas. The diagnosis is to be 
confirmed microscopically by the following features; duality of the 
cell types constituting the parenchyma, viz. (1) pale staining, reti¬ 
culum-like cells which declare their non-inesenchymal nature (a) by 
being not (or at least not clearly) associated with fibrillar reticulum, 
(6) by tending to form more solid sheets, (c) by often lining clearly 
cystic cavities and assuming an epithelial morphology, or in other 
cases showing at least a faint tendency in this direction, (d) by 
usually forming (5 cases out of 7) bodies stiongly resembling the con¬ 
centric corpuscles of the thymus, and (<?) by sometimes forming con¬ 
centric whorls which do not degenerate into Hassall's corpuscles; 
(2) small round cells having the morphology of ‘‘ thymocytes 
(lymphocytes) which are supported in variable numbers by the 
reticulum-cells and w’hose distribution causes often an alternation 
of lightly and darkly staining areas as seen in thymic tissue. The 
conception of the passive behaviour (secondary nature?) of these 
cells is questionable in view’ of their ability in one case to penetrate 
vessels and their frequent tendency, along wdth the large pale cells, 
to invade the stroma. Eosinophils were found almost constantly to 
be present, often differentiating locally from precursors in the mye¬ 
locyte stage. The tumours are enciapsulated by the mediastinal 
pleura, but tend to invade this capsule and also their stroma; so 
that, in spite of their slow grow’th (mitotic index nil or very low’), 
they are to be regarded as malignant and in their ultimate develop¬ 
ment are responsible for serious and fatal results. They are not, 
in most cases, associated with nucleolar enlargement, thus forming 
yet another possible exception to the generalisations of MacCarty and 
Hammeder, regarding the constancy with wdiich this change accom¬ 
panies the malignant, process; yet'it must be admitted that only a 
low grade malignancy is present. The lobular structure of the tissue, 
resembling normal thymus, may be pronounced, but is variable in 
development. The most important differential diagnoses are endo¬ 
thelioma (on account of the cell characters and especially the whorled 
arrangement sometimes found), mesothelioma (which we have not 
found affecting the pleura in our material but which no doubi might 
be distinguished on the /l^asis of the microscopic morphology—see 
Chapter VI), lymphocytic tumours (*‘round-celled ^ sarcoma, 
lymphosarcoma)—to be discriminated on the basis of evidence of the 
epithelial, not mesenchymal, nature of the reticulum cells, and lastly 
the canine heart-base tumours (Chapter XI), whose location is, how¬ 
ever, apparently specific and w’hose cytology is totally different. 


218 



CHAPTER VI. 


Mesothelioma. 


Definition and Terminology. 

By inesotheliojua is understood a tumour which arises from the 
lining cells of the coelom, whether of its i)leunil, i)ericaidiac, or 
peritoneal sub-divisions. Although much criticism has been levelled at 
the use of this term (originally introduced to denote tumours having 
their inception in the elements of the adrenal cortex, but by nearly 
all authors long ago abandoned in that sense) it is coming in¬ 
creasingly into favour and is now in very general use. The objec¬ 
tions to its use apjiear to arise from two chief sources:—u/) There 
are those who, ignorant or unappreciative of those complications of 
einbryological and histogenetic theory on which any sound classifi¬ 
cation of coelomic tumours must be based, see in the introduction 
of sucli a term merely a needless compli(*ati()n of ad already difficult 
tumouj’ noniemdature. {h) A group of objectors more worthy of 
attention are those who, having made a close and critical study of 
the above difficult considerations, have arrived at conclusions which 
they regard as sufficiently definite to allow of the identification of 
the tumours concerned with already existing groups of neoplasms. 

The whole subject has within recent years been most competently 
review^ed by Grossek (1932), dealing with the human subject, and 
it is not necessary for us to do more here than to outline in brief the 
main considerations on which the controversy is based. This at least 
it is advisable to do, since in the veterinary literature no competent 
discussion of the subject occurs, most authors ap})arently being 
content to follow the classification adoi)ted by any human i)atho- 
logical work which happens to be conveniently to hand. 

It must at the outset be understood that the difficulty of classi¬ 
fying growihs arising in serosae is threefold:—Firstlj' the common 
occurrence of secondary neoplastic lesions of serosae (wdiich may arise 
by true metastasis, or by continuity growth, or most often by trans- 
coelomic implantation) in man has led to some uncertainty in 
deciding w’hether given serosal lesions are of primary or secondary 
nature. As Willis (1934) remarks wuth justification: The diagnosis 
of primary tumours of serous membranes has frequently been made 
on wholly inadequate grounds and wdth insufficient appreciation of 
the frequency wdth which small primary carcinomatoxis growths may 
yield massive widespread coelomic deposits He goes further than 
we are willing to follow him, however, wdien (like Robertson, 1923 
and 1924) he doubts the occurrence of any cases of primary tumours 
arising from serosal cells. Tet a number of authorities have believed 
in the existence of such tumours, notably Ewn’iig (1928), Mallory 
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(1923) and Aschoff (1923), in their textbooks, and the occurrence of 
primary coelome tumours (other than those of the ‘‘ connective- 
tissue group) has found very general acceptance among teachers 
of pathology. 

Secondly, providing that the occurrence of primary coelome 
tumours be admitted (apart from those of the connective-tissue 
group), a difficulty arises in distinguishing between those that may 
arise from the <*oelomic lining cells and those that may have their 
origin from the endothelial lining cells of the siibserons lymphatics. 
Among authors admitting the existence of the tumours in question 
there have been those who have denied the one group and those that 
have denied the other, while many are willing to admit both kinds, 
which should then, as pointed out by Grossek, be clearlj^ distinguished 
nomenclaturally. The problem is not made any the easier by the 
possible origin of tumours from misplaced epithelial nests in the 
serosa. 

Lastly, assuming that we are in a position to separate tumours 
arising from the covering cells of serous membranes from such as 
may originate from lymphatic endothelium, the difficulty arises as 
to how these neoplasms are to be designated terminologically. It 
would be beyond the scope of this work to enter into a detailed dis¬ 
cussion of the controversy surrounding the nature of the coelome 
lining cells. Every elementary student of histology is aware that 
little help is to be obtained in this connection from the standard 
textbooks of histology and gathers readily from his reading of such 
that as many authors term the cells in question endothelial ’’ as 
“ epithelial It may be briefly recalled here that this lack of 
uniformity centres round a controversy of triple nature and which 
concerns (a) the embryological derivation of the cells, (b) their mor¬ 
phology, and (c) their biological reactions:— (a) Those who (follow¬ 
ing the coelome theory of the brothers Herlwig) derive the coelomic. 
lining from ectoderm, would havet it that the cells are epithelial, 
while those who see, in the lininj^ cells merely a specialisation 
of menseuchyme (dependent on environmental relation to a cavity) 
would term them endothelial, (b) It is to be admitted that the pre¬ 
cise definition of epithelial cells is somewhat vague; and that, not¬ 
withstanding the close morphological similarity of coelome lining 
cells to vascular endothelium, there is yet on purely morphological 
grounds no fatal objection to terming the cells in question epithe¬ 
lium. This pro(!edure gains considerable support from the fact that 
(at least in some species), at certain sites or in certain stages of 
development, the (*ells in question are ciliated(*), a phenomenon 
which is decidedly foreign to our conception of the endothelium, 
(c) The biological reactions of the coelome cells in tissue culture and 
in normal and pathological transformation provide perhaps the most 
interesting of all evidence. The somewhat extensive literature in 
this connection provides evidence regarding (i) the ability to develop 
cilia as temporaiy structures, (ii) the faculty of forming connective- 
tissue fibrils, and (iii) the tendency, in proliferation, to assume 


(/) Cilia have been observed by v. Brum (in thee pleura of the dog), by 
Maxiuiow (1927) in the omentum and mesentery of rabbits, and by me in the 
horse (** germinal epithelium ” of the mare) and under pathological con- 
diitons in the domestic fowl (unpublished data) fis well as in coeloma tumours. 
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eoliimiiar form and to enclose lumina. Authorities have variously 
assessed this evidence as providing justification for the view that the 
(‘.ells in (Question are intermediate between the connective-tissue type 
and the epithelial type (Maxiinow, 1927) or that they are predomi- 
rmntly oi* exclusively epithelial in nature (Grossek). 

In view of the highly controversial nature of the evidence, it 
apiJears desirable at the i)resent time to take a middle course and 
designate the cells as mesothelial, a term which alreadj- enjoys con¬ 
siderable acceptance. As a corollary of this, it follows that we can¬ 
not do otherwise than name the tumours arising therefrom as 
“ mesotheliomas The two alternative terms, ( arcinoma and endo¬ 
thelioma (of pleura, ])eritoneum, or pericardium, as the case may be), 
(jommit one definitely to a decision on the controversy regarding the 
epithelial or endothelial natxire of the cells, while the latter term 
has the additional disadvantage of providing no means of distinguish¬ 
ing, among serosal “ endotheliomas those that arise from the 
surface cells and those derived from the subserous lymphatics. 

Occurrence. 

In man one gathers from the literature that mesotheliomas are 
rare tumours, the existence of which is denied by several authors. 
Grossek, in his review, collects f30 cases and adds one of his own. 
In animals, mesotheliomas have not seldom been mentioned. Feld¬ 
man (1932)) found one among 43 equine and two amoung 230 bovine 
tumours, and he remarks that they must occxir more frequently in 
lower animals than is indicated by reported cases Of the reports 
in the veterinary literature, all of which are collected by Feldman 
in his textbook, and numbering o, scarcely any are provided with a 
detailed histopathological description and although there may be no 
grave leason to doubt the nature of any of them(°), one could desire 
more accurate information. The case reports concern 2 horses and 
3 (jattle, apart from those of wild animals reported by Scott (1927). 
In horses affection of the pleura and in cattle, of the pleura (in two 
cases of Feldman’s) and peritoneum (one case of Purnian) are men¬ 
tioned. 

The Onderstepoort collection contains no fewer tlian 3 (‘ertuin 
cases of mesothelioma (two in bovines and one in the horse). From 
my own experience and from the information in the literature there 
is no record of any other domesticated species being affected by these 
growths(‘’). 

Pathology. 

In describing the cases encountered in South Africa, we shall 
consider the tumours in the following groups: those ansing from the 
peritoneal, pericardial, and pleural mesothelium respectively. Of 
the latter the collection contains no well authenticated case, but 
under that heading it will be convenient to mention a tumoui of tlie 
horse that by some might jmssibly be regarded as a primary 
mesothelioma of the pleura. 

(*) The suspicion that some of Feldman’s cases were thymomas has already 
been expressed. 

(^) Feldman pictures, but does not describe a ease of “ mesothelioma of 
the visceral pleura of a sheep ”. 
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1. Peritoneal Mesothelioma. 

Case 1 {Bovine, 12147). 

The specimen (Fig. 100) consists of a portion of omentum of a 
Irovine (age and sex not known) kindly sent in by Br. G. Martinaglia 
from the Johannesburg Abattoir. Its surface is covered by multiple 
flattened nodules which vary in diameter from ca, 1 mm. to 1 cm., 
but more often are confluent to form large irregular plaques having 
an uneven surface. Adjacent nodules are often connected by fibrous 
filaments. A peculiar striped appearance of the membrane results 
from the exposure of the omental fat in streaks alternating with the 
neoplastic tissue. In some parts the newly formed tissue affects only 
one surface of the membrane, but in the case of the (older) more 
extensive plaqiies the whole thickness of the serosa is orcupied, the 
tumour a])pearing on both surfaces. The consistence is rather tough 
and a ri<‘h system of connective tissue is visible on section throughout 
ilie softer substance of the tumours. The colour is not preserved. 



FiO. lOO.'^ross appearance ol omental meaothdiona of (lie ox; Flattened plaques of 
neojdastic tissue between which the omental fat . is visible (12147; 3/4 X). 


Microscopically (Fi^s. 101 and 102), the neoplastic parenchyma 
is seen to grow exclusively in pre-forraed spaces in the fibrosed 
omentum, in many of which an endothelial lining is still present; 
in other words it grows intralymphatically and. its “ sttoma ” is thus 
lately pre-existent. The omentum shows a great increase of well- 
differentiated connective tissue and the tumour cells arh largely 
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Fig. 101,—^Miesothelioma of tiie omentum of the bovine (fig, 100): Intralymphatio growth 
in larger (above) and smaller (below) vessels of the subserosa; note the small 
Inmina whioh are formed, (12147; 60 x). 
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arranged (following the course of the lymphatics) in elongated, 
narrow cords (one or two cells in thickness), w^hich branch and which, 
here and there, become continuous with more massive and (in tran¬ 
section) rounded tracts of cells around which Ibe walls of the 
lymphatics have been expanded. A somewhat scirrhous appearance 
thus results and is a striking feature of the microscopic picture. The 
cell cords and masses are, at least in respect of one-half of their 
circumference, retracted from the enclosing walla, so that a narrow 

g eripheral space is seen. This feature is possibly a fixation artefac^t, 
ut appears more likely to depend upon the pressure of the lymph- 
flow along that aspect of each tumour cell-cord at which the nutrient 
vessels do not enter—see Fig. 101 (right top (jomer). 

The cells are, for the most part, polyhedral elements of inoderatt- 
but variable size (7 to 20/i in diameter) and are usually distinctly 
outlined on account of the pre8em?e between their apposed borders, 
of narrow’ clefts (possibly a fixation aitefact). Those at the periphery 
of the groups or cords have a distinct tendency to assume an irre¬ 
gularly columnar form, standing vertically to the long axis of the 
(vascular) space occupied by the cell mass, i.e. radiating from the 
circumference tow^ards the centre of what was previously the vascular 
lumen. Often the proximal ends of such cells are expanded, giving 
a “ tailed appearance to the cells. Their nuclei are usually of 
short-oval shape and are characterised by a sharply defined membrane 
and a (dose-meshed, fine and delicate chromatin network. A single 
central nucleolus, which stains intensely, is a prominent feature, con¬ 
trasting sharply with the amblychromatic nucleus. The nuclei 
average some 4*5 to in diameter, but much larger nuclei may be 
encountered in less typical cells. The n I N ratio is usually betw’een 
1 : 14 an(i 1:9. 

Between the peripheral cells of the cords and the stroma (i.e. the 
lymph-vessel wall) and retracted from the latter together with the 
cells, to the bases of which ij; is (ilosely a<Jherent, is a piominent band 
(i.e. a cylinder) often measuring 6/ti in thickness, of hyaline substance 
(yellow with picric acid, extremely pale mauve with haemalum-eosin, 
blue with Mallory’s triple stain) standing in the relation of a base¬ 
ment membrane to the peripheral cells. A similar substance may 
occupy rounded lumina w^hich often occur in the central imrtions of 
the larger cell masses. In these hyalinised spaces, cell-debris and 
sometimes degenerating cells are also to be seen, the former often 
appearing as delicate jEPbril-like strands. These' spaces, which are 
somewhat irregular in outline, are obviously prodm^ed by hyaline 
degeneration of the cells; they do not appear to true lumina. The 
(‘hanges described confer on the neoplastic tissue the appearancie 
familiarly known as cylindromatous, and in this respect the picture 
seen in practically identical wdth that illustrated by Borsi (I, Tafel 
D, Fig. XLV) from a tumour diagnosed as “ hyalines Endothciiom 
(CylivAkrom) der 

The application of Mallory’s triple stain shows that, at least in 
the majority of the alveoli, no intercellular reticular stroma is pre¬ 
sent, In some groups of cells somewhat indefinite lesults were 
obtained and it seemed possible that in some of the cells intracelluhr 
fibrils were present, but I cannot speak wdth certainty on tJiia point 
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as the picture provided by this (old, formalin-fixed) material is not 
so clear as could be desired. As mentioned above, it is further com¬ 
plicated by the fact that the hyaline ’’ substance takes a weak stain 
with analiiie blue. The mitotic index is 2. 

Amonfi: the narrower cords a spindle-shaped tendency of the 
cells is sometimes seen. It is difficult to say whether this is merely 
the meclianical result of the accommodation of the cells within a 
narrow space or whether it rej)resents a true growth-tendency. 



102*—Surface of a small omental moBothelioma of the bovine (same case as fig. 101), 
showing continuity between downward-proliferating mesothclial cells and the 
intralymiihaticaUy-growing tumour cells. (12147; 240 x). 
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An open mind was kept regarding the origin of this tumour and 
the correct name by which to designate it until in certain of the 
sections the following appearances seemed to place the histogenesis 
beyond doubt. In the nodules in question (Fig. 102) there is an 
overlying covering of mesothelial cells; this raesothelium in places 
becomes thickened to form a layer several cells in depth, and from 
here branching and tapering strands proceed inwards through the 
subserous lymphatic plexus to become continuous with the groups of 
frankly neoplastic cells. The picture seen leads one irresistibly to 
the conclusion that a direct origin of the neoplastic cells from pro¬ 
liferating mesothelials has been demonstrated. 

Remarks .—Tbis is a primary tumour arising from the* coelomic 
lining cells and growing almost exclusively by lymphatic permeation 
of the omentum. It occurs as multiple nodules ana plaques and this 
multiplicity is seen to he, at least in pwt, of priujary nature, since 
little difficulty was experienced in individual nodules in tracing a 
direct origin from |)roliferating mesothelium. That some of the 
nodules may have arisen by implantation is very possible, others of 
course arising by direct intralymphatic spread. The present case 
is important in that it serves to emphasize that in the case of tumours 
of the serosae an intralymphatic growth speaks by no means in 
favour of an origin from lymphatic endothelium (endothelioma), nor 
necessarily in faTour of metastatic carcinoma. Both Ihese diagnoses 
were fully considered and especially the latter which, in the absence 
of the assurance that a competent and exhaustive search at autopsy 
had revealed no primary tumour elsewhere, could not have been 
excluded (a) unless there could be shown to be morphological pecu¬ 
liarities of mesothelioma which alone may serve for its recognition, 
a circumstance which appealred to me to represent the truth only 
after further cases had been examined, or {h) unless direct evidence 
of primal^ origin, as obtained in this case, could be shown. 

Diagnosis .—Mesothelioma of,t;he omentum. 

Ccbse 2 (Bovine, 6458). 

The museum specimen (Fig. 103) consists of a large portion of 
bovine omentum affected by lesions very similar to those described 
in the previous case. There are smaller discrete nodules, but more 
especially there are extensive flattened plaques reaching a diameter 
of 8 cm., very slightly raised above the surrounding surface, and 
sometimes penetrating the whole thickness of the omentum to appear 
on both surfaces. Adjacent plaques are often connected by fibrous 
filaments. Small islands of omental fat may be exposed in the 
centres of these larger plaques. The surfaces of these plaques lack 
the glistening appearance of frankly subserous tumours; they appear 
duller, without a hard sheen. 

Microscopically, alveoli and strands of cells without intercellular 
stroma are seen to lie dispersed to a variable degree in a rich colla¬ 
genous stroma. They appear largely or exclusively to occupy pre¬ 
formed spaces, from the walls of which they have often shrunjk away 
and to whidi remnants of an endothelial lining: can often still be 
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demonstrated (intralymphatic growth). These spaces with their con¬ 
tained cell-masses are especially closely aggregated towards the 
surface of the lesions, while more deeply they are widely scattered 
as narrower bands in a massive connective-tissue stroma (scirrhous 
appearance). 

The cells are clearly identical with those previously described 
in Case 1. They are jiolyhedral elements which often show a ten¬ 
dency to columnarity, resting vertically against the enclosing con¬ 
nective tissue; or they may tend to he sjiindle-shaped and somewhat 
flattened against the stroma. There is often rarefaction in the 
centres of the alveoli so that ill-defined sj)aces arise, but one could 
scarcely speak of lumen formation. The individual elements com¬ 
monly measure some 10 to 12/i in diameter. Their cytoplasm is not 



Fie. 103.—GrosH appenraiice of another mesothelioma of the omentum in the o^ : Flattened 
plaques of neoplastic tissue between which the omental fat is visible. (6458; 
1/2 X). 


very distinctly outlined and is somewhat poorly stained, not dense, 
and basophilic. It appears more condensed in (degenerating 
elements with pycnotic nuclei. The nuclei are fairly uniform in 
appearance, usually of short-oval shape, 7*5 to 9/* in diameter, occa¬ 
sionally showing minor irregularities (slight angularities, serrations, 
etc,). The nuclear membrane is sharp and distinct and encloses a 
very pale nucleoplasm characterised by a fine and even network of 
chromatin. The nutdeoli, which are as often double as single (less 
often 3 or 4 are visible), are usually central or moderately eccentric 
(rarely markedly eccentric). They are prominent, both on account 
of their size and because their deep staining contrasts strongly with 
the nuclear amhlychromasia. They are often discrete and rounded 
and deeply stained, but many are somewhat indistinctly outlined, 
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oval, or diimb-bell-sliaped (apparently fusion of two nucleoli) and 
some show a tendency to a lignter staining (vacuolatiou P) although 
no definite inelusiou-body-like transformations are seen. The n * N 
ratio varies from 1 : 14 to 1 I 25. The cells and their arrangement 
are somewhat reminiscent .of the elements of the adrenal cortex. 

Small, calcified, and concentrically striated bodies are prominent 
features among the cell groups. They vary from the size of a cell 
to larger agglomerations reaching a diameter of tiO/ji. They cun 
usually be seen to contain centrally a degenerated tumour cell. They 
are clearly of the general class of degenerative bodies usually but 
unsuitably called corpora arnylacea and their origin is to be ascribejd 
to concentric deposition of calcium salts around a nucleus provided 
by a degenerate tumour cell. 

The mitotic index is 2. 

The histogenesis of the noduljss available for examination could 
not be traced to the mesothelium and in the diagnosis one has to 
rely on the close morphological resemblance (both macroscopicjally 
and microscopically) to Case 1, disregarding the non-essential features 
such as degenerative calcific changes. 

Diagnosis .—Mesothelioma of the omentum. 

Summary of the Pathology of Menothelioma in Bovine, 

The preceding study of bovine mesotheliomas shows that these 
tumours are among the less frequent neoplasms encountered in 
bovines in this country, but that they need not be regarded as great 
rarities. They were only found in connection with the peritoneum, 
pleural mesothelioma of the bovine not having been observed in this 
country(^). The lesions were confined to the omentum. Macro- 
scopically they are characterised by u multiple ai)pearance, which, as 
a microscopic study show’s, must be considered—^at least in part—as 
primary, although extensions of, seciondary ualure obviously also 
are favoured on account of intralymphatic sjuead. They appear 
as flattened lesions, usually forming extensive plaques, which often 
penetrate the w’hole thickness of the omentum. They have a duller 
or softer appearance and are less prominent than the lesions of 
secondary serosal carcinosis, which owing to their subserous situation 
have a “ hard ” sheeny appearance and which are often very firm 
and fibrous in consistence on account of the fibrosis which their 
growth evokes. Mesothelibnias lack the multilobulale ap))earaiice of 
most tumours of lymphangiogenous origin. Metastasis W’as not observed, 
except locally. The microscopic study shows that ftfie origin of these 
growths from proliferating mesothelial cells may be traceable; 
As stated above, this traceability affords evidence of primary multi¬ 
plicity. It appears that the normally flattened mesothelial cells 
become mobilised, an expression which w’e use to indicate that they 
assume a columnar to cuboidal form, may evoke a reaction in the 
connective tissue of the subserosa whereby the latter forms the 

(^) Feldman mentions two cases of plenral inesothdioma of bovines in his 
^Uection, but trom the micropbotoigraphs I at once suspect thymoma, a 
aiffeMntial diagnosw which one does not feel certain tholr be censored. 
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l>ropria for papilliforjji elevatious, may become several layeis lu 
depth, and at an early siaj^e penetrate the immediately underlying: 
(subseroiis) lymphalics. From here extensive spread takes place largely 
or purely within llie ( onfines of the subserous lymphatic plexus. This 
growth is associated with a fibrosis of the (inierlymphatic) subserosa. 
The lympliatics become filled out with the tumour cells, and on 
account of the surrounding fibrosis and the ultimate disa])pearance 
of the endothelium may afterwards become unrecognisable: a 
scirrhous appearance of the whole growth results. Within the pre¬ 
formed spaces, the tumour cell masses may remain unvascularised 
or may, later, especially when Jiiore massive aggregations are formed, 
become vascularised by means of a fine collagenous stroma. 

The tumour cells, said by Ewing to have a characteristic mor¬ 
phology (which however is not actually described), are elements 
which usually have a polygonal shape, but also tend to assume a 
columnar form or to be flattened against the enclosing stroma. They 
vary considerably in sisse (from 7// to 20fi) and are characterised by 
a delicate, basojjhilic homogenous cytojdasm. They were not observed 
lo be associated with an intercellular reticulum. Their nuclei are 
fairly uniform, may lie centrally or eccentrically, usually fill about 
half of the cyto]dasm, vary in shape from short-oval (the most 
typical) to long-oval, and often show slight angularities, depressions 
and serrations. They are highly characteristic, having a sharp but 
delicate nuclear membrane and an evenly-distributed, fine chromatin 
meshwork, being distinctly aiublychromatie, alid showing one or 
two (sometimes 4) deei)ly siaining, ])rominent, central, slightly 
eccentric', or markedlv eccentric nucleoli. In any one tumour the 
great majority of nuclei do not vary greatly in size, but in the 
different tumours they measured from 4 oju lo 12/4. The nucleoli 
are characterised by ])rominence, deep staining, and ratios which 
varied between 1 9 and 1 .’25. The formation of intranuclear 
inclusions from nucleoli was not observed, and these or other 
extreme cellulai atyi)icalities should therefore at once raise the 
sus])icion that erne is dealing with secondary carcinosis or with 
tumours <»f some other kind. 

There is a considerable tendency to secondary changes, which 
may confuse the diagnosis. Mecrosis may be lu-ominent, as also necra- 
biotic changes whereby the cell cytoplasm becomes strongly acido¬ 
philic and the tyj)ical nuclear pattern disturbed by hyperchromasia 
and pycnosis. In one case extensive hyaline formation was seen, 
leading to a <‘ylindroinatous ’’ morphology, wdiile in another case 
corpora amylacea ” almost dominated the picture. 

In the differential diagnosis, macroscopically, a ehroniii tuber¬ 
culous peritonitis (grapes) juust be mentioned, although there is 
really little similarity in appearance to mesothelioma, the lesions 
beincr far more likely to be confused with secondary carcinoma. 
Further, secondary carcinomatosis of the serosae (Figs. 104, also 
86 and 86) and primary endothelioma arising from lymphatic endo¬ 
thelium have to be considered. In hovines secondary serosal car¬ 
cinomatosis is not very common in our experience; thi.s is presumably 
to be ascribed partly to the fact that the only common internal (glan¬ 
dular) carcinoma in the coxmtry is liver carcinoma, which, when of the 
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more usual hepatocellular variety, has little tendency to extra- 
hepatic metastasis. Extensive serosal carcinosis may be seen 
secondary to cholan^^iocellular tumours and the description of sucb 
lesions (Chap. IT, Case 17) should be referred to in this connection. 
Bowel and grnstric carcinoma, as well as ovarian carcinoma have not 
been observed in South Africa. (Acanthoma of the fore-stomachs is 
fairly frequent, and may also sjuead intralymphatically in tbe 
serosa, but the cells of acanthoma are of course easily recognisable). 
There is thus, especially M^heii the very different appearance of 
secondary carcinosis is remembered, scarcely any danger of con¬ 
fusing carcinoma with mesothelioma, even where a complete 
autopsy has not been made. Further, we conclude that in any 
case the morphology of the tumours, especially the details of their 



Fiu. ]04.^Secondary carcinosis of the mesentery of a mule; a lesion which maoroscopi- 
oaUy may be confused with multiple primary tumours. (2789; 1/2 X.) S(^o 
also figs. 86 and 86. 


cytology, provide a characteristic picture which is specific for meso¬ 
thelioma. Malignant or benign tumours of lymph-vascular endo¬ 
thelium are more likely to be confused, especially when appearing 
in multiple form. In bovines we have found that these assume a 
multilobular appearance instead of the single placques of meso¬ 
thelioma; cyst-formation may be i>rominent; and the lesions again 
have a definitely subserous location, presenting a smooth and gliRten«> 
ing surface. In human pathology it has been pointed out that there 
is a distinction between the growth-mofles of mesothelioma and 
endothelioma, the former growing intralymphatically in the already 
e^distent lymphatics, as we have seen here to be the case, w^hile the 
latter grows by vascular sprouting, i.e. formation of new iumourotts 
ly^phalic vessels. This is also a cardinal point in distinguishing 
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these tumour types in animals. For the distinction of both secondary 
carcinoma and primary endothelioma, the observation of the direct 
origin from mobilising mesothelial cells, when it can be made, places 
the issue beyond doubt. The descriptions of lymphangioma and 
angiogenous endothelioma of serous membranes in Chapter VIII 
should be consulted in connection wdth the differential diagnosis from 
mesothelioma. 


(2) Pericardial Mesothelioma. 

This is probably one of the very rarest of neoplasms of domestic 
animals and in the literature I can trace only one well authenticated 
case, viz. that of Sehlegel (1908) who rejmrted such a tumour in a 
dog. Apparently these tumours are not known in other domesticated 
species, and in man also they are rarities (Monkeberg, 1924). Peri¬ 
cardial mesothelioma is on no account to be confused with meso¬ 
thelioma of the pericardiac pleura: Feldman (1932) does not make 
this distinction clear when he mentions a case (without complete 
descri])tion, however) in which in a bovine a mesothelioma 
involved the pericardium, the parietal pleura and the suprasternal 
lymphnode It is obvious that those pleural mesotheliomas which 
happen to affect, inter alia^ the pericardiac jdeura will appear as 
‘‘ involving the j^ericardium 

Case 3 {Eqvine, 9663). ^ 

The subject was an aged black gelding which was destroyed in 
the preparation of horsesickness virus. Apart from the changes 
associated with that disease, verminous nodules in the liver, and 
the presence of accessory spleens, the only positive findings ak 
autopsy were growths affecting the visceral (epicardium) and parietal 
layers of the pericardium. The largest measured ca, 3 cm. in diameter 
and was raised 1-5 cm. above the surrounding })ericardium near its 
reflection on to the root of the aorta. Smaller nodules were described 
as being present on the epicardium in the neighbourhood of the 
coronary sulcus, on the right atrium at the apex of the heart and 
at other parts of the general heart surface. In the museum specimen, 
consisting only of the aorta ascevdens and a portion of attached peri¬ 
cardium, the largest growth is seen to present a lobulated and some¬ 
what irregular surface and to be ovoid in shape. Other nodules on 
the pericardium, some of which are confluent with this larger mass, 
vary in size from 1 cm. to 1 mm. The consistence is firm and gland¬ 
like and the colour (colour-preserved specimen) is a greyish-i3ink. 
With the naked eye, but more especially with the hand-lens, are 
seen minute (pin-point) cyst-like cavities on the cut surface. The 
surface of the smaller nodules is smoother, that of the larger ones 
roughened or irregular. 

Microscopically (Figs. 105, 106), all stages in the development 
of the tumours, apparently as multiple primary growths, can be 
followed, (a) The earliest changes (Fig. 105) are not visible to the 
naked eye and have not (morphologicaliy) as yet reached neoplastic 
^rade: they consist merely of papilliform elevations (thickened by 
increase of collagenous tissue) of the propria of the pericardium, 
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ooveied by mehotlielial rellw which may be homewhat jilumper (less 
flattened) than normal, or may be euboidal in shape. Heie and there 
they show a tendency to be indistinctly ciliated. They are not moie 
than one layer in thickness. Morpholo^^irally this is merely the 
lesion known in Gernmii as Zottcnhen^ a fibious-papilliform hyper¬ 
plasia of the peiicardinm such as occurs during? organi^ation ol an 
exudate, (h) lii the smaller nodules (Fig. lOG) there is a definite 
proliteiatioii of the mesothelial cells, a^ follows: they vary from 
cuhoidal to tall columnar, although some jeuiain fiatlened, and 
usually quite distinct and unmistakable cilia appeui. These cells 
co\er the now \ery prominent papillae, on the sides ol which small 
secondary papillae appear, the appearance being somewhat remi¬ 
niscent of the piopna i/ntrosae ol the vaginal poition of the oviduct 
of a fowl. The cells may, in parts, he more than one layer in depth, 
especially where they are still more oi less flattened. Meanwhile, 



Fig. 105.—stage of proliferation of the pericardium of the horse whiuh loads IeUt 
to the formation of pericardial mesothelioma: Papilliform elevations of the 
scrasa covered by mobilized and often ciliated mesothelial cells. (9663 ; 210 x). 


invasion of the propria occurs by tiells of much the same appearance, 
but here arranged to line gland-like acini wdiose lumina may be con¬ 
siderably dilated (forming the small cysts seen macroscopically). 
The whole process nevertheless remains usually fairly superficial, 
although prominent thickenings are formed and a rich and well 
vascularised stroma derived from the jiropria supports the neoplastic 
gland-like structures. The lining cells of the acini are usually of 
the extremely tall columnar form and very narrow, but often also 
they are more cuboidal and occasionally even flattened. Cilia are 
often retained by these cells. The scanty contents of the acini con¬ 
sists of desquamated elements and tangled fibrillar structures w^hicli 
are the cast-off cilia (not fibrin: very pale blue with Mallory’s triple 
stain). What I have spoken of as desquamated elements do not 
necessarily appear to have lost their vitality; they tend to become 
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Fio* 106.-—Later stage in the formation of pericardial mesotholioma in the horse (same 
case as fig. 105): Papilliform elevations with secondary papillae covered by 
columnar neoplastic mesothelial cells and commencing invasion of the subsorosa 
by gland-iike aoinu (0653; 210 x). 
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rounded up, sometimes while still' retaining their cilia, and their 
cytoplasm stains more deeply (a dull reddish with haemalum-eosin). 
The same elements, no longer ciliated, often have their cytoplasm 
filled with coarse lipoid globules (macrophages, foam cells 
{c) In the larger tumour the general appeaiunces are similar. The 
extreme pmliferation in the stroma of the acinar tissue has, however, 
resulted in a pressure atrophy (?) of a considerable amount of the 
overlying papilliform proliferations, which are often necrotic and 
apparently in process of being oast oS to leave naked the deeper 
neoplastic tissue. The acini are less regular in sise, the smallest 
being encircled by only three flattened cells, and measuring some 
15/a in diameter; where such acini are present in numbers, which is 
especially the case in nodules taken from the epicardium, an appear¬ 
ance very similar to an angioma may result and the tumour here 
might easily be diagnosed (erroneously) as a capillary lymphangio- 
plastic endothelioma. Sometimes the acini tend to lose their lumina 
and there are, in addition, thin, solid strands of cells which have 
lost polarity and are proliferating irregularly. Collagen and espe¬ 
cially reticulum fibres often pass between these cells, and stroma and 
pai^enchyma consequently become confused; it is possible that the 
tumour cells themselves become fibroplastic, but this question was 
not decided definitely by the fibrillar stains applied. 

The cells have a mblychromatic, oval nuclei, a delicate nucleai 
membrane, and a very fine chromatin network. Larger nucleoli may 
be seen in Ihe desquamated elements. In the very tall cells and also 
in the flattened ones the nuclei are of course elongated or spindle- 
shaped. Where the cells are clo^ly cwwded, the nuclei may be 
compressed to an angular shape. 

Remarks .—The chief interest lies in the ciliation of the tumour 
cells and their transformation after desquamation into macrophage¬ 
like elements, both of which phenomena are well-known potentialities 
of the coelome lining cells. FrbmHhe standpoint of practical miero- 
Bcopic diagnosis, the likelihood of confusion wdth lyiuphangioplasti(5 
endothelioma exivsts if an insufficient number of sections were to be 
studied. 

Diagnosis ,—Pericardial mesothelioma. 


(3) Pleural Mesothelioma, 

The Onderstepoort collection contains no certain example of this 
tiiinour and one could wish for more material before generalising on 
this subject. Feldman (1932) saw mesothelioma of the pleura in the 
horse, as did also Bouville (1907). The following case also affected 
a horse, and while clinically there appears to have been a marked 
similarity to the two cases mentioned above, the tumour, at least in 
its cytology, differs markedly from the peritoneal mesotheliomas seen 
in Mvines. It is here reported as illustrating the difficulties that 
may arise in the identification of such tunmurs.* I strongly suspect 
that the lesions represent secondary carcinbsis, but no primary could 
be discovered to account for them. 
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Ca^e 4 {Equine^ 10423). 

The subject was an aged thoroughbred bay mare in poor condi¬ 
tion. From the autopsy description(^) one learns that an extensive 
tumourous growlh involved the pericardium, epicardium, heart-base, 
and the entrance to the thorax, extending into the neck and infil¬ 
trating the musculature of the latter (Figs- 107, 108). The growth 
involved also the pectoral and cervical musculature which show a 
speckled appearance due to numerous small whitish areas. Some 
grape-like grow’ths were present on the diaphragmatic pleura. The 
ventral aspect of the sternum was affected by a large tumour-like 
growth, greyish-white, of cheese-like consistence. At the thoracic 



Kig. 107.—Ploural mesotJu^lioina (?) of the horse: Invasion of cervical and thoracic mns- 
ciilature and (left, above) a mass of neoplastic tissue related to the trachea 
and bifurcation of the carotid trunk at the thoracic entrance. (10423a ; 1/3 X). 

iulet, and extending back several inches, was a large tumourous 
growth causing flattening of the trachea and thrombosis of the 
blood-vessels (Fig. 107). The left lung was displaced dorsally by the 
pericardial growth, which was described as resembling cauliflower- 
like granulations and covering the whole of the left lateral, cranial, 
and caudal aspects and affecting also the epicardium. In the neck, 
the tumour was seen to extend as far as the larynx dorsal to the 
trachea, and the thyroid gland was firmer than normal in consistence. 
There were dilatation of the right auricle, pulmonary oedema, throm¬ 
bosis of the great veins at the thoracic entrance and a marked 


(*) Made by Dr. J. Quinlan, of this Institute. 
235 



H£SOTH£UOMA. 


oedematouB swelling extending from the sternal region to the head, 
as well as to the thoracic and abdominal walls. (During life the 
animal had presented a hippopotamus-like appearance due to oedema 
associated with obstruction of the great veins from the head.) The 
cervical lymph-nodes were enluiged. All thoracic* and abdominal 
oigans were negative regarding the presence of a primary tumour 
which might have explained the extensive affection of the pericar¬ 
dium and pleura. 



jFig. 108. —^Further lesions from the same case as fig. 107 : Multiple plaques and grapc*-like 
growths on the pericardiac pleura. < 10423b; 1/3 X). 


Microscopically (Figs. 109, 110, 111, 112), the neoplastic tissue 
consists of a fibrous stroma containing nests of highly anaplastic 
cells: these are most variable in size 12/i to 30/*), huye weakly baso¬ 
philic to distinctly acidophilic, finely granular cytoplasm, are of 
polygonal shape, and often are tightly packed together in epithelial 
fashion without -intercelhilar stroma. The nuclei are extremely 
variable in size, from 8/* to 22/* in long diameter, and vary in shape 
from short-oval or almost spherical to long-oval. Further, irregu¬ 
larities in shape are common, and angular, iobed, and spindle-shaped 
nuclei are seen. Typically, the nuclei would appetfr to Jiave the 
following structure: they are amblychromatic (vesicular), with a 
fairly delicate nuclear membrane (recorded as being intermediate in 
distinctness between that of a typical endothelial and that of a 
typical epithelial nucleus) and an exceedingly delicate and incon- 
epicuous chromatin network; there are one or tnx) (sometimes 3 or 4) 
extremely prominent nucleoli, the n : N ratio seldom being less than 
i .; 25 and reaching 1 ; 5. The above described morphology applies 
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to the majority of the cells but there is much nuclear hyperchromasia, 
acidophilia of the cytoplasm, etc., interpreted as degenerative 
changes, and many of the cells with shiuiiken dark nuclei might be 
mistaken for a small lymphocytic type of cell. In places there is 
necrosis with a rich neutrophile infiltration. There may also be 
vigorous oiganisaiion of necjoiic areas and replacement by granula¬ 
tion tissue. Ill a number of instances the masses of tumour cells 
can bo seen to lie within lympliatic vessels of the subserosa and along 
these a rapid and widespread extension is obviously taking jjlace. 
There is extensive invasive growth into the neck musculature and in 
the cervical lymj)h-nodes. The latter (Fig. 109) present an interest¬ 
ing picture, the lymphoid tissue having almost entirely disa])peared 
and the lympli-tords and nodules appearing as inconspicuous, com- 
jiressed remnants, while the entire sinus system is completely occu¬ 
pied and widely distended hy the tumour cells. The latter are either 
loosely arranged, apiiearing to be simjdy drifting along the lyinph- 
c.hannels, or Ihey form more compact masses which in section appear 
not iinlike sheds of stralified e]>i<helium. 



Fio. 109.—^MKastasos of pleural incsaothelioma(?) of the horse in lymph-Aodc: Loosely 
arranged tumour colls in the sinuses (between which are the atrophying medullary 
cords); here and there formation of gland-liko lumina. (10429; 60x). 
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Sections tluough the pknra (Pig. ill) at the edge of the pleural 
growths show that in thfe region the mesothelial cells become 
mobilised, columnar in shape, often multi-nucleate and hyper- 
chromatic, often with distorted nucleoli, and an increased n : If ratio 
(1 : In orher words they resemble quite closdy the less ana¬ 

plastic of the tumour cells (Fig. ll2). ihe subserous lymphatics 
are imiformly distended with masses of iimaout cells. Some of the 
nodulw are subsereus and covered jdth b^rplastic serosal cells, 
in othem tbe appearance is that the ind^ihelial cells have become 
neoplastic and nierg^ the tmnot^r ceils* In other nodules 
no clw alvwli occur, tbe ceHs being arranged in elomgated narrow 
parallel cords betw^n strand of i^luliir conawtive tissue. Snob 
nodules may actually be aah»d,.ulo^ng into the j^urai cavity. 
Sections of the thyroid show fliat the interfoUicuhu? stroma contains 
nuiueroufi centres of the same neoplastic oceupTixtir and dis^ 

tendji^ tile lymphatics (Fig. 110), The mii&tic . 
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Fia. 111.—^Mobilised coJla of the pleural mcDothehum at the edge of a pleural meBOthelioina (?) 
of the horse. (10423 . 950 X). 



Fiq. 112.-^I>etail of the cytology <il pleural mesothelioma (?) of the horse: Besemblance 
of the neoidastio olemeute to the moMlued mesol^elials shown in fig. Ill; a 
band of the stroma runs through the centre of the field. (10423; 950x). 
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Remark *.—^Thia neoplaam shpws a, degree of cell anaplasia cjom- 
parable with the most rapidly growing of carcinomas and inde^ the 
carcinomatous appearance of the neoplastic tissue is very striking. 
In this case however we have reliable autopsy data that no primaiy 
carcinoma occurred which could explain this tumour as secondary. 
Further, the picture seen of mesothelial mobilisation is highly 
suggestive, although 1 do not consider it in itself proof of a meso* 
thelial origin; it may, on the other hand, be nothing more than a 
. collateral hyperplasia and such appearances of continuity as are 
seen may be false ”, i.e. without bistogenetic significance. On a 
close analysis of the cell morphology, discounting the anaplastic and 
degenerative changes, a fairly clear jesemblanoe to the cells 
encountered in the bovine mesotheliomas is perceived, but here again 
caution is to be exercised in drawing inferences from a mere cyto- 
logical similarity. We have here to deal with a highly malignant 
neoplasm which extends by intralymphatic gi^th, permeating the 
subserous lymphatic plexus of pleura and iiericardium and growing 
in solid fashion along the tracheal lymph ducts, filling out the siuus 
system of the (cervical) lymph-nodes encounter^, and extending 
also (in retrograde direction) into the lyniphatics of the thyroid 
stroma. One would not here speak of typical lymphatic metastasis 
(i.e. depending on embolism) so much as of a direct extension against 
the direction of the lymph-stream within the lymphatics, the 
phenomenon being of the same nature as the vascular transporta¬ 
tion and generalisation . . . without local metastasis ” reported by 
Oertel (1935). The diagnosis in this case, especially in view of the 
fact that there are no other equine cases in the collection for com¬ 
parison, must be considered as very uncertain as compared with the 
other cases described; were it not for the assurance that a careful 
search was made, at autops]^ for a primary lesion, one would unhesi¬ 
tatingly identify the lesions as secondary to an undiscovered 
primary carcinoma. 

Diagnosis .—Mesothelioma of the pleura? or pleural carcinosis 
(with widespread intralymphaiift transportation) secondary to an 
undiscovered primaiy. 

It is not desired to comment further on mesothelioma of the 
horse in view of our experience being confined at present to only one 
certain case; except to remark that in this sjtecies mesothelioma has 
been encountered only in the pleura and pericardium and that in our 
experience the pleural .ipm^jurs proved to be far. more vigorously 
growing and more rapidly extending than are the bovine peritoneal 
mesotheliomas. It is only by a close analysis of the cell morphology 
that resemblances to the structure of the bovine tumours are seen. 
It has in common with those tumours the property of almost 
exclusive intralymphatic sinread. 
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Tumours of Connective Tissue. 


A. Benign TfsiotFRS. 

(1) Fibroma is an niicominon tumour of domestii^ted animals 
in South Africa. I encountered only three cases, but eliminated a 
very large number of lesions from this category, considering them 
to be slowly growing or regressing tumours of the sarcoid or papil¬ 
lomatous type (see Chajder X). The cases encountered comprise 
a soft fibroma {F. violle et haemangioniatosvm —“ nasal polyp ”) 
of the horse, and fibromas of the skin of the dog and the external 
ear of a shee]) respectively. In view of the great frequency of the 
lesions which are to be (lescribed in this work as equine “ sarcoids ”, 
great caution should be exercised before diagnosing fibroma of the 
superficial parts of the body iu horses: such a diagnosis udll convey 
a very erroneous imi)re8.sion to the clinician if it happens that he 
is dealing with a contagious and recurient tumour. Similarly care 
should be exercised not to diagnose as fibromata of the skin bovine 
lesions which are really infectious papillomata with a j)redomiuating 
development of the connective-tissue moiety. .^The fibroma of the 
skin of the dog (15904) is not of this type, lieing covered by 
unaltered epidermis. It is to be considered a rare tumour. 

(2) ]\lyjeoma was somewhat more frequent than fibroma. It is 
interesting that the only two cases in equines aftected mules (in the 
same stable and at the same time). These lesions were situated sub¬ 
cutaneously. A fibromatose myxoma affected the neck of a sheep 
and two cases of myxoma were found in fowls (In-east and wing 
respectively). 

(0) Liyoma was a moi'e frequent tumour than either of the 
preceding, 12 cases being encountered. In the horse and the ox the 
jieritonettm was usually affected. A case iu the sheep is the con¬ 
genital lipoma of the meninges reported by Curson (1933). Lipoma 
was also found in the dog, but was not encountered in birds. 
Although Fox (1923) has reported a number of cases of lipoma in 
wild birds, this tumour must be rare in fowls. No satisfactory 
reports of simple lipoma in this species have been traced in the 
literature. 

(4) Chondroma was as rare as fibroma. The three cases 
encountered aff^ted the external ear of a horse and the ribs and 
sternum respectively of oxen. All therefore may be considered as 
enoWdromas. 
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(6) Osteoma .—^Foiur oases ooctiv in tke coUection. Two a£^ted 
th.8 lioEse and occurred in the fascia lata nnd in the gvm of 
mandible respectively. The latter was a pieeuliar tuinour which will 
be described in detail. The oth^ two cases aJIected the cervical 
portion of the spinal column of an ox and the body of the mandible 
of a sheep respectively. Multiple bony enlargements of the ^^ims 
of the dog were considered to represent exostoses probably arising 
on the basis of chronic inflammation rather than true osteoi^. 
Similar bony protruberances have been mentioned as accompanying 
acanthoma of the buccal mucosa in this species. 

(Equine, 11317). 

The specimen (Fig. 113) consists of the body of the mandible 
of an aged horse. There is a flattened rounded enlargement-of the 
gum in the space between the right lower canine and the comer 
incisor, measuring 5 cm. in diameter. Medially it reaches the 
middle line. Its central part is uncovered by mucosa and presents 
a reddened although smooth surface. 
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Fia. 113.—Osteoid oiheoms of (bo gam of the atstn^iUe fn * biOse. (11317; l/2x). 


Microscopically this tumour consists of a dense collagenous 
stroma which is rather acellhlar but which in many places is infih 
trated by plasma cells and scanty eosinophile leuoo(ytes; tiiroughout 
this are embedded thick branching txaheoulae, usually , appearing 
rounded or oval in transection, of a substMioc wMoh is interprets 
as atypical osteoid tissue: it stains bright r^, wm van tSieson and 
thrown it 'oimi*ae in a radial direction hyahh^ di^-aga^ hnhdlBS 
continuous with those of ^e stroma.. Within thh substanci of these 

, g42 , 





vZGmvnmouk. 


osteoid masses are included cells resembling ost^ytes, not arranged 
in any pattern whatever and usually present in scanty numbers. 
The osteoid structures are bordered by a row of vertically arranj^ed 
cells (corresponding to osteoblasts) in intimate continuity with 
the fibrocytes of the stroma. In places there occurs a limited calci> 
fication of the central parts of the osteoid4ike tissue; but on account 
of the sparse oellularity and the lack of pattern there is no recog¬ 
nisable resemblance to typical bone. Superficially the tumour is 
covered near its margin by the acanthotic epithelium of the gums, 
while centrally there is ulceration associated with a heavy eosino- 
phile and plasma cell infiltration. Mitotic figures are absent. 

jBemori-s.—This tumour had been thought to be an adaman¬ 
tinoma, a vpiety of tumour very rare in domestic animals and not 
represented in this collection. But such tumours are usually enclosed 
within the jaw and they rarely form enamel, for which this atypical 
osteoid tissue was mistaken; (the products of adamantinoblasts would, 
of course, stain with picri(i acid, not with acid fuchsin, being epi¬ 
thelial derivatives). This tumour is clearly of purely mesenchymal 
origin and although, micrMcopically, it presents an unfamiliar 
picture, its general nature is clear, viz. an osteoma of the osteoid 
type; this osteoid tissue is, however, of somewhat unusual appear¬ 
ance and in it.s lack of Haversian systems and of regular pattern it 
recalls the cement substance of the teeth. 

ZHagno»is .—(Jsteoid osteoma of the gum. TMe neoplastic tissue 
may possibly be regarded as an atypical formation of dental cement. 

(6) Osteochondroma .—Only one case (15063) of such a tumour 
was found. It affected the dura mater of a fowl and compressed, 
without invading the brain. 

7. Note on Neurofibroma with a Report of its Occurrence in 

the Fowl. 

The collection contains nine specimens of false neuromata or 
neurofibromata from bovines. As the pathology of these lesions is 
well known (sre Joest, 1920, Bd. II, pp, 624-628) in the ox, they 
may here be dismissed with the following remarks:—The following 
have been the situations of the tumours encountered in this country 
in bovines: brachial plexus, 3 cases, in one of which also the heart 
was affected; intercostal nerves, 1 case; sciatic nerve, 1 case; tongue, 
2 cases: It was found that in the case of affection of the tongrue by 
these multiple white nodules in the musculature the real nature of 
the lesions had not been recognised in routine diagnosis, although 
cases of the disease affecting this organ have been reported by 
fiossert (1910) and the condition is probably not to be regarded as a 
rarity. In two of our cases the site affected was not stated. It must 
further be minted out that in no less than four of the cases were 
demonstrable, microscopically, intranuclear indruions sin|ilar to 
those which haiw been dewrib^ in other tumours as of aiibledar 
urigih; in such cases there was also present a cortafn ilshree of 
eeUyar anaplasia which rhight be held to jr^fy the term 'neuro- 
sarcoma but no direct evidence of a malignant type of growth 
waa obtainable. 
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1 kDow of no report of this disease apart from in Mamiuuha, and 
it is therefore interesting to place on record a case of which the 
domestic fowl was the subject;— 

{Fowl, 8602.) 

The subject was a Plymouth Bock hen sent in with the history 
of a fen' months’ illness, the owner haring noticed an erection of the 
feathers of the neck by which attention was drawn to the presence 
of nodules in the skin. The specimen consists of the skin (Pig. 114) 
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which bears very ntunerous nodules having a tendency, especially 
in the neck region, to produce considerable enlargements by con¬ 
fluence; thus the neck is completely encircled by a raised plaque 
of nodules which measures 11 cm. across (elephanttasis neuromatom). 
The single nodules are irregularly scattered over all parts of the 
body, measure mostly 3 to 4 mm. in diameter and are seen to be 
closely associated with the mouths of the feather-follicles. 



Fio. 115.—Straoture of outaneons nenrofibroiastosis of the fend: Whwled amngemeat 
of flbroMsytio elements widi tendency to mjrxorastoiid giowtb in the .centres. 
fOomiMm with tile Straetnie of nuunnudisn neurofibroma). (8802; lOQx). 

Microscopically, the nodules are seen to be thinly encapsulated 
to occupy the outi$ vem, eirtending also into the subeuiis. The 
tissue has a very oharacieriatie appearance (Fig. 115). A collagenous 
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fibro-cellular stroma with blood-vessels divides the •* paren¬ 
chyma ’’ into regular rounded areas composed of loosely arranged, 
spindle-shaped and stellate cells of the fibroblast type associated with 
a loose intercellular feltwork of reticular and collagenous fibrils. 
The centres of these areas have a somewhat myxomatoid appearance. 
There is no cellular anaplasia and mitoses are absent. 

Remarks .—Diagnosis is based on the multiple (primary) distri¬ 
bution, the not dissimilar gross appearance of the lesions to those of 
Becklinghausen’s disease of man, and the characteristic microscopic 
picture resulting from proliferation of the endoneurinm in rounded 
fascicules surrounded by the fibroblastic elements derived from the 
perineurium and which form a “ stroma for the former. 

Diagnosis ,—Cutaneous neurofibromatosis. 

On enquiry was elicited the interesting fact that shortly after 
this hen had died, a cock on the same farm became affected by iden¬ 
tical lesions, w’hich likewise proved fatal. It is not known whether 
the two birds were related or not. 

B. Sarcoma. 

The term sarcoma lacks precise definition and is used by a 
number of different authors in almost as many senses. In general 
we understand by sarcoma a malignant tumour composed of elements 
of the connective tissue lype; and while there is general agreement 
that fibrous, mucoid, lipoid, cartilaginous, and osseous tissues are 
of this type, the desirability of including the elements of the blood 
and blood-vascular system and of the haemoi)oietic tissues under the 
category of connective tissues is open to question. There has thus 
become evident a tendencj^ to exclude from the scope of sarcomas 
malignant tumours of endothelial, muscle and glia cells and of the 
precursors of the blood-cells. Here we limit the application of the 
term sarcoma to the malignant * counterparts of fibroma, myxoma, 
lipoma, chondroma and osteoma, known in the older literature as 
fibro-, myxo-, lipo-, chondro-, and osteo-sarcoma respectively. There 
is, however, a type of tumour long known as ‘‘ mixed-celled 
sarcoma, which also very properly falls under the category of 
sarcomas. As will be seen from studies of this tumour type in the 
bird, our opinion is that the cell type here concerned is the 
macrophage and its transitional grades to the fibroblast. 

As we have previously had occasion to note, it is desirable to 
reserve the compound names in tumour nomenclature for the mixed 
tumours, and there is to-day a growing tendency to avoid the older 
nomenclature mentioned above. Thus fibro8arcoma(‘) is replaced by 
the term fibroblastic sarcoma or (better still) fibroplastic sarcoma, 

(^) Even the older term fibrosarcoma is the subject of great confusion, 
having been used^in two different senses: (a) to denote an^ fibroplastic sarcoma 
(e.g. Mallory); or (h) restricted to describe those fibroplastic sarcomas in which 
fibre formation reaches a hi^h grade and predominates over cell multiplication, 
i.e. in more slowlv growing tumours somewhat approaching fibroma in 
morphology. Such tumours would stand m contrast to ** spindle cell ” sarcoma, 
a term which lays stress on the predominance of cell multiplication over fibre 
differentiation 
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chondrosarcoma by chondrogenic sarcoma, osteosarcoma by osteo¬ 
plastic or osteogenic sarcoma. This practice could well be extended 
to give us the terms lipogenic and myxogenic sarcoma by which to 
denote malignant tumours of myxocytes and lipocytes respectively. 

Of sarcomas in this narrower sense, the Onderstepoort collection 
contains 37 sjiecimeiis, of which in 10 cases the position of the 
jirimary tumour had not been recorded. Between the varieties of 
sarcoma these specimens are disiributed as follow's: fibroplastic 15, 
inixed-celled 17, myxoiilastic 2, osteogenic and chondrogenic 3. 


1. Fihropldsiic Sarcotna, 

Fibroplastic sarcomas w^ere found in 1 horse, 4 oxen, 1 sheep, 
2 dogs and 7 fow’ls. 

The structure of fibroplastic sarcoma is well known, but perhaps 
there is no other class of tumours in which such great difficulties 
of diagnosis and noinenclaiure occur, in general these neoplasms 
are composed of a stroma of blood-vessels which supports fibroplastic, 
spindle-sba])ed cells. The degree of collagen producttion varies 
greatly, so that all gradations exist between the slower-growing, 
highly fibrous “ fibrosarcomas and the verj^ cellular spindle- 
celled sar(X)mas with limited fibril production, always how’ever 
rJet.ectable with the special connective-tissue stains. On account of 
the fact that not only (*ells of the fibroblastic type Hut also epithelial 
and endothelial elements may assume a spindle shape, it is essential 
to apply such stains in all cases in which the diagnosis is not obvious. 
These stains turtlier serve to distinguish in tumours smooth muscle 
cells, which when accompanied by a considerable amount of collagen 
may not otherwise be detected. This assumption of a spindle shape 
by other cells is responsible not only for difficulties but also for 
a(dual (controversies regarding the nature of certain ttmiours. In 
liiiman jiathology the ocrurrenc.e of spindle-celled tumours in the 
thyroid is well known and although most of these tumours are 
admitted to be aty])iral carcinomas by most authorities, there appears 
to be a lack of agreement as to whether sarcomas actually do or do 
not occiu in this organ. In the OnderstejKiori collection there is a 
lesion of the thyroid of u horse which might w'ell be taken for a 
fibro|»lastic siircoma if it were not jiossihle by <he ap])liration of 
fibrillar stain to show that from the tumour an intercellular fibrillar 
matrix is absent. It is especially for this reason—that neoplastic 
epithelial cells may assume a spindle shape leading to erroneous 
diagnosis of sarcoma (e.g. of the thyroid)—that the practical value 
of abandoning the term spindle-celled sarcoma is to be appreciated. 
Its replacement by the term fibroplastic*, sarcoma emphasises that the 
histological diagnosis is to be based, not on the shape of the cells, 
but on the evi(ience of their functional capacity to lay down an 
intercellular fibrillar matrix. Demonstration of this capacity of the 
cells must be held conclusively to exclude carcinoma, as least carci¬ 
nomas of ecto- or entodermal origin; for collagen fibril formation is, 
by universal consent, held to be an exclusive character of cells of 
mesodermal, if not of mesenchymal, derivation. Theoretically, 

reliance should also be placed on the demonstration of the intra¬ 
cellular fibroglia fibrils of Mallory, but since special fixation (Zenker^s) 
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and a minimal post-mortal interim are essential for this tech¬ 
nique, the point loses much of its practical importance. Intracellular 
fibrils may and do also occur in epithelial elements and for the 
diagnosis of fibroplastic sarcoma the final criterion must remain the 
demonstration of the production of collagenous or precollagenous 
(reticulum) fibrils by the tumour cells themselves, i.e. the paren¬ 
chyma of the tumour consists of fibrils as well as cells, as opposed 
to tumours in which fibrils are confined to the stroma. Where stroma 
and parenchyma are poorly sejiarated, as in some endotheliomas, or 
w^here, as in other endotheliomas, the tumour cells themselves produce 
reticulum and even collagenous fibrils as w^ell, acute judgment and 
considerable experience of the interpretation of the reaction to 
fibrillar stains may obviously be needed to decide the diagnosis. 

These difficulties are mentioned to emphavsise my experience that 
the diagnosis and differential diagnosis of fibroplastic sarcoma is 
often far less easy than u perusal of the siajidard texts leads one to 
assume. And s])eakiiig of the domestic animals only, I wish 1o i)oint 
to at least three dilemmas which have been eu(*ountered in the 
diagnosis of these tumours. 

(i) The difficulties in the diagnosis of fibroplastic saicoma in the 
horse —Sarrohh : In the equine specdes in South Africa, tumours 
of the skin (suhcutis) simulating or not readily distinguishable from 
fibroplastic sarcoma are frequently encountered. These growths are 
dealt with in Chapter X. They show much resemblance motpbo- 
logicalJy to sarcomas but lack extensive invasive powers, do not 
metastasize, and clinically give clear evidence that they are 
contagious. In this quandary, undesirable as it may be to multiply 
nomenclature, W’e have felt it wise to adopt the term ‘‘ sarcoith 
(already in use in human pathology), by which w^e may designate 
rapidly growing locally aggressive and recuriing tumours which are 
comjKised of fibroblasts, but wdiich do not metastasize and which do 
not exhibit microscopj(ially the degree of cellular anaplasia which 
one expects to find in typical sarc'omas. These lesions stand on the 
border-line betw^een granuloma and fibroplastic san^omn and seive 
to demonstrate yet again the familiar tenet that between chronic 
productive inflammatory processes and neoplasia a sharp distinction 
is often lacking. Ewing (1928) has mentioned, under the heading 
of presarcomatous lesions, “ the occurrence of atypical inflammatory 
lesions leading to sarcoma He adds tliat “ many sarcomas show* 
such marked histological ivesemblance to inflainmatOTy processes that 
many pathologists have long been inclined to accept in a certain 
sense the inflammatory . . . origin of sarcomas It is evident 
then, that dilemmas similar to the one under discussion have been 
encountered in human pathology. 

(ii) The difficulties in the diagnosis of fibroplastic sarcoma in 
the dog: Here we wish to point to a case in which, from an autopsy, 
portions of the lung w^ere submitted and found to contain multiple 
metastatic lesions having the histological structure of fibroplastic 
('* spindle-celled ’’) sarcoma. Before a diagnosis was returned the 
sender was requested to state where the primary lesion had been 
situated. On receiving the reply that the mammary gland had been 
affected, caution was exercised in framing the diagnosis: a return 
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of “ metasiiises of fibroplastic, sarcoma io the luuf? ’’ might naturally 
lead the sender io infer that a primary fibroplastic sarcoma of the 
breast had been responsible for the secondaries. It so happened that 
the breast tumour responsible for the nieiastases Imd previously beeti 
extirpated, altliough some time before and in another part of the 
country, and that the dog in question was identified as the subject 
of such a tumour whicJi was already present in the Onderstepoort 
(K)lleclion : tliis tumour was a mixed tumour (“ carcinosarcoma 
of the breast in which, indeed, the spindle-celled sarcomaions element 
was by no means prominent and was not actually detected until a re¬ 
examination Avas made. The final diagnosis in this case was 
“ pulmonary metasiases of the sarcomatous moiety of a mixed 
(carciiiosan onjatous) tumour of the mammary gland The distinc¬ 
tion is perliaps not of gieat pia(*tica] value, but from the standpoint 
of histological classification it would be unsatisfactory to overlook it. 
The case is interesting in ])ioviding an exajii])le of the “ selective 
metastasis of mi^od tumours, the actual metastasizing moiety being 
the minor one in the primary tumour. 

(iii) Ditlieulties encountered in the diagnosis of fibroplastic 
sarcoma in the fowl: In birds we have encountered a graded series 
of transitions between the so-called “ mixed-eelled ’’ sarcomas and 
the fibroblastic sarcomas. Many of these mixed-celled tumours 
<‘ontain so great a ]uepoti(lerauce of the non-spindle-shaped cells that 
it is highly de.sirable, histologically to classify then) a])ar(. Indeed, 
as will he mentioned later, the non-s])indle-shaped elements may in 
ceitain cases be jucsent to the A'irtual ex<dnsion of neoplastic fibro¬ 
blasts (spindle-cells) and il is ormously misleading to term such 
tumours “ mixed-celled This difficulty is dealt with further under 
the mixed-celled tumours, where it is al>o urged that the cells mixed 
with the spindle-cells are actually neoplastic macrophages. It is 
therefore aclA’isahle to have at least two if not three categories w'herehy 
the microscopic appearance of these tumours (‘an he conveyed, viz. 
fibroblastic, “mixed-celled’’ [i.e. fibroblastic and histiocytic (- 
macrophagic)], and histiocytic (^ma('roj)hagic) sarcomas. The 
difticulty arises, however, that theie occur intergrades. This is lo 
he referred, piobably, to the ease with which the macrophage of the 
fowl [cf. till* observations of (•arrel and Kbeling (1920) on tissue 
cmltures] can transform into the fibroblast, under as yet but little 
understood influences, a propensity which finds expiession also in the 
neo])lastic counterparts of these normal ])rototypes. Rous’s (1910 and 
1911) original fowl sarcoma wuis described by him as a spindle-celled 
sarcoma; yet in suhgenerations (e.g. material from the South African 
Institute for Medical lle.search, through the courtesy of Dr. des 
Ligneris) this tumour could not be described otherwise than as a 
“ mixed-celled “ sarcoma. There is thus eA^ery rea'^on to believe that 
spindle-celled tumours of birds can change into mixed-celled tumours, 
possibly even at diftereni stages of their giwvth in one and the same 
individual: ii is significant, in this regard, tluit Haddow (1933) has 
stated that the (‘ells whi(‘h first start to piolifejatc^ under the stimuhis 
of the injected virus of the Rous sarcoma are actually the macn)- 
phages. It w’ill be appreciated, then, that, although .so far as posvsihle 
Ave try to keep these liistological classes of tumours apart, there are 
actually intermediate forms and that our morphological distinctions 
may Avell represent what is biologically an artificiality. 
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It is not proposed to report individual cases of fibroplastic 
sarcoma in this text. Perhaps the most unusual tumours were the 
sarcomas of the mouth and pharynx in bovines and that of the 
oesophagus in the dog. 


2. Lipogenic Sarcoma (Liposarcoma). 

This would appear to be a rare tumour and we have encountered 
no cases of it. In the diagnosis of sucdi a tumour it would seem 
essential to distinguish two other conditions, viz. “ embryonal 
lipomas, cellular tumours with incomplete fatty difi'erentiation but 
not to be regarded as malignant (two cases of such a tumour—from 
the dog and pariY)t respectively—^have recently been added to the 
collection, but too late for inclusion here); and sarcomas in which 
the cells, having lipophagic a(;tivity, incorporate fat globules .within 
their cytoplasm by an actual process of pha^cytosis of the previously 
existing fat of the tissue that is being invaded. Such secondary 
fatty metamorphosis of the cell cytoplasm I have observed to assume 
striking proportions in the phagocytic (histiocytic) sarcomas of the 
fowl, and it is to be distinguished, as Borst (1902) has pointed out, 
from an essential tendency to fat-storing on the part of the tumour 
cells. 


3. The Mhred-celled ’’ Sarcomas, with Reports of Ten Cases 

in the Fowl. 


It is noteworthy that the inixed-celled sarcomas are the 
only kind of tumour for which no normal type cell is assumed. 
Ewing avoids the use of this term, merely mentioning that in certain 
cases the tumour is highly cellular and reveals few tra(;es of the 
original form and function of its cells, and in the most anaplastic 
types the cells are round and comjdetely undifferentiated Henke 
(1906) uses the term polymorphzellige Sarkoin Mallory (1923), 
who gives a type cell ’’ for every tumour he discusses, makes no 
mention of these polymorphic celled tumours. MacCallum (1928) 
mentions tumours in which cells of many forms and sizes occur, 
with many bizarre modifications of their nuclei. For want of a 
better term these may be called mixed-cell sarcomata It is 
evident, therefore, that some regard the mixed-celled sarcomas as 
mere anaplastic variants of the fibrosarcoma, that others avoid the 
difficulty by according them no mention, and that none venture to 
assign to these tumours a ty|ie cell ’’ or normal prototype. 

Regarding this problem as it conc/erns the mammals, we shall 
have nothing to say, as almost all our tumours of this type occurred 
in fowls. That they are of frequent occurrence in this species is 
already known from the work of Malke (1930), who diagnosed over 66 
per cent, of his specmens of sarcoma (including lymphosarcomas, 
i.e. lymphoid leucosis) as sarcoma mixt&cellulare But a close 
description of these tumours in fowls is not to be found in the 
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lit/erature(®) anti indeed it is by no means easy to assess what is the 
consensus of opinion regarding exactly to what degree a mammalian 
sarcoma must depart cytologically from the tyjjiral spindle-celled 
tyi»e before the term “ luixed-celled becomes applicable to it; here 
also there would a]»pear to be intergrades. 

We have encountered 15 of these tumours amongst poultry 
(14 fowls and 1 turkey). In four cases the ovary was primarily 
affected, in one case the wattle(‘'‘), in one the oesjdiagus, in one the 
breast, and in one the abdominal wall; in one case the site was not 
mentioned, and in the remaining 6 cases only metastatic* lesions 
were submitted. Because these tumours lack precise definition and 
because in the routine examination at this Institute cases in which 
only metastatic lesions were submitted were bafHing to the diag¬ 
nostician, it is important to examine these neojilasins somewhat more 
closely than has been done in the past. Ten of these cases, which 
threw liglit. on the nature and ])athology of these tumours will be 
mentioned here. 

Case 1 {Fowl, 14117). 

The specimen consists of the wattle of a White Leghorn hen 
showing subcniianeously an ovoid tumour, 2 cm. in diameter and 
c*,onsisting of several lobes (some forming more or less distinct and 
separate nodules) of firm, wliitish tissue; and the spleen of the same 
bird showing several poorly circimivscribed white foci measuring u]» 
to *5 cm. in diameter. 

Mirrosco])ically, sections of the w^attle tumour sliow^ this to be 
partially circumscribed; there are however outlying nodules of the 
tumour tissue. It is not trxily encaj)sulated, although a condensa¬ 
tion of the connective tissue of the dee])er part of the evtis vera 
limits the growth to the subcutis; against this collagenous tissue the 
tumour shows expansive and not invasive spread. The neoplasm 
(Fig. 116) consists of irregularly arranged strands and nodules of 
spindle-shai)ed cells associated with a variable degree of collagen 
production, so that there are strands of fairly ripe connective tissue 
forming a kind of irregular stroma ” not separable from the rest 
of the neoplastic tissue and supporting large cellular centres and 
strands of two types:— (a) These consist mostly of irregularly 
arranged spindle-cells of the fibroblast tyi)e w'ith but little fibril 
production and show ing very restricted pleomorphism. Most of the 
nuclei do not differ in a])pearance of thovse of non-neoj)lastir fibro¬ 
blasts and the nucleolar-nuclear ratios aio not increased above 
normal limits. But there occur also miiltiuucleate (true tumour) 
giant cells writh short oval instead of elongate oval (or cigar-shaped) 

(*) The work of Metiowan (1928), in wiiicli these neoplasms are referred 
to as “ tumours of the Bous type did not become avaiJuble for consultation 
in this country until after this was written. My own conclusions reeardiiij^ 
the “ mixed-celied tumours of the fowl a^cree substantially with his. On 
accHiunt of the closer cytological study here undertaken, the question of ter¬ 
minology, and the very poor illustrations which accompany McGow'an’s other¬ 
wise excellent book, I have decided not to modify this chapter of my work. 

(•) Apparently! But as no complete autopsy protocol exists it is 
impossible to be certain that the wattle tumour was not a secondary one. 
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nuclei, having n definitely increased n ] If ratio (e.g. 1 : 8), and 
showing submembranal hyperchromatosis. They possess up to a dozen 
nuclei. Occasional spindle cells also occur with considerably 
enlarged nuclei and increased nucleolar size. In these areas the 
cells are closely i)acked. (6) Rounded centres wdiere the cells are 
scattered and which consequently present a very open texture. Here 
luan.v of the cells assume a stellate form, having long processes. 
They are^ associated with the production of delicate bundles of 
collagen fibrils whose meshes are widely separated by a structureless 
medium apparently of the nature of an oedemalous infiltration and 
not reacting as for mucin. The cells in these areas are more pleo¬ 
morphic. Although the majority 2)erhaj)s are still spindle-shaped, 
very^ many are definitelj^ stellate. Their nuclei show greater ana¬ 
plasia in the form of a definitely increased n : N ratio, which affects 



Fro. 118.-.“ Mixed-odlod ” sarcjoma of tho wattle in a fowl: Aitemation of foci oi loosely 
arranged neoplastic histiocytes with areas of neoplastic fibroMasts lorminff a 
denser tissue. (14117; 120 x). 
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the majority of the cells, but more esjiecially those that depart most 
from the spindle shape. These areas may mer^;^ into the denser 
areas (fi) and theie are all intermediate grades. Mitoses are not 
very frequent (M.I. -1) and are rarer in the looser areas (&) which 
would thus ajipear to be, although “ more anaplastic ”, more slowly 
growing. There is a rich supply of thin-walled vessels constituting 
the stroma [)roper and often composed of endothelium only. In parts 
there is a veiy sparse “ round cell ” infiltration and in some of the 
looser textured foci was seen an infiltration of macrophages, having 
a large amount of foamy ” cytoplasm and c,onipressed eccentric 
nuclei and not iiiterj)reted as tumour (tells because of the absence 
of nuclear changes suggestive of malignancy. Here and there are 
actual foci of irifiltraiing lymphocytes. 

In the spleen are luultijde iion-cireumscribed foci of two ty])es: — 
(a) In these the central jiortions much resemble the areas (b) of the 
primary, being composed of widely sej^arated spindle and stellate 
cells associated with a mesliwork of delicate collagen fibrils. But 
here the (tells, especially as r(^ga^(ls their nuclei, show increased 
anaplastic changes: many nuclei are greatly enlarged, irregular iu 
size and shape, and have a greatly increased n *. N ratio. Surround¬ 
ing this (»entral portion of the nodule and continuous with it is 
usually a i)eriplieral zone of variable width, consisting of the typical 
neoplastic spindle cells; these are performing the actual invasion 
of the surrounding splenic* tissue, the ‘‘ differcntintion ” noted above 
taking jilace in the older central part. This peripheral rim may, 
however, be absent. Outside this zone, which is not encapsulatecl 
from it, is thc^ splenic pulp, showing a pronounced infiltration of 
round (*ells and granulocytes contiguous to the advancing neo]da8tic 
cells. Miloses are a little more frequent than in the primary, and 
are seen only in the perijdieral zone, (b) These foci (Fig. 117) are 
poorly defined. Here the splenic pulp has not yet disappeared, but 
is permeated by a loose aggregation of bizarre cells which may be 
biosely grouped together or may actually appear (in sections; to be 
•scattered among the elements of the white pulp of the sjdeen. These 
(ndls are of enoiiiioiis dimensions (e.g. 75/4 to 90/i commonly;, and 
have a large amount t)f (’yto]dasm of quite irregular shape, and 
huge, bizarre, distorted nuclei; the latter are of vesicular type, 
with an inconspicuous chromatin network and with greatly enlargeci 
nucleoli (n I N 1 ; 5) which may be modified iu shape (angular, 
polyhedral). Only occasionally does one wsee the si)in(lle-cell type 
with cigar-shaped nucleus, and in these cases the cells are also greatly 
enlargcnl, a giant spindle-cell resulting. Moderate fibril production 
i& associated with these bizarre (*ells. The peripheral portion of their 
cytoplasm ai)pears actually to merge into the intercellular bundles 
of collagen. (This point will be discussed later.) The cytojdasm 
often contains inclusions or vacuoles and in some cases actually 
phagocyted cells. Mitotic figures W’ere not enc'ouiitered among these 
cells, but nuclear constrictions suggestive of amitosis w^ere seen. 
Fibroglia fibrils could not be demonstrated by Mallorjt^’s methods 
either in the primary or the secondary tumour (formalin fixation 
and post mortem interim). Bielchowsky impregnation also yielded 
no further information. 
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Remarhs ,—The first sections of spleen which were prepared 
happened to transect only the nodules of the second type (with 
bizarre cells) and at that time ^reat doubt w'as entertained that these 
foci were secondary to the wattle tumour, especially since metastases 
to no other orj^’an had been reported—(the sjdeen is not considered 
a common site of metastases)—and the histological structure bore 
little superficial resemblance to the primary. Subsequent sections 
showed nodules of the first ty]>e in the spleen, thus demonstratinjc 
the grading^ of the bizarre cells into spindle-shaped fibroblastic 
elements and also showung- clearly that metastases to the spleen had 
occurred. These less pleomorphic celled nodules show' also a 
limited tendency to the bizarre morpholog*y of a cell here and there, 
and close study show'ed even in the ])rimary tumour a less exaggerated 
form of the tendency which is responsible for the same bizarre cell 
changes. Confirmation was obtained by the study of t;he other cases 
here reported, in some of which also the great variation in morpho¬ 
logy betw'een primary and secondary tumour came to be a familiar 
phenomenon. The pleomorphic celled foci have to be seen to recog¬ 
nise the difficulty of diagnosing such lesions w'ithout the experience 
which w’as gained later: cytologists and pathologists to whom the 
slides were shown could think of no resemblance of the bizarre cells 
except to nerve (ells (large (‘ell body, prominent nucleolus). 

This case is of interest in two other resiiects. It shows clearly 
that collagen may arise lutracellularly. Regardii^g this there has 
l>een a considerable controversy in the literature on histology into 
which I do not proj>osed to enter in detail (see Chapter I). The 
intracellular origin of collagen is supjmrted by Mall (1901-02) and 
by the observations of T^ewis (1917) in tiss\ie cultures. The pictures 
to be s(^en in these tumour cells of the gradual fading of the (jell 
border into the collagen fibrils are most instructive. Lastly the case 
is of interest in being the only avian tumour in the collection in 
w'hich metastasis to the s])leen occurred. 

Diagnosis .— Fibroblastic and bistio(‘ytir(‘) sarcoma (‘‘ mixed- 
c-elled ” sarcoma) of the w’attW'*), w ith metastases to the spleen, some 
of w’hich grow- as jmre histiocytic sarcoma. 


Case 2 {Fowl, lol(il). 

The specimen consists of portions of liver showing multiple, soft, 
white foci, fairly easily enucleated from the liver tissue, and 
meausring 2 to 5 mm. in diameter. There is no history or autopsy 
report. 

Microscopically these foci are non-circumscribed and non-encap- 
sulated, progressively encroaching on the surrounding liver tissue. 
They are composed of spindle-cells associated with rather sparse in¬ 
tercellular collagen deposition, and of much larger numbers of large 

(*) The justification of this term will be attempted at the close of the 
case reports. 

(«) Bee remarks in footnote (•). 
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extremely pleomorphic. f‘ells (Figs. 118, lit), 120 and 121) having a 
most variable shajje: rounded, polygonal, oval or elongated. They 
are characterised by a large amount of cytoplasm, and extremely 
bizarre, vesicular nuclei with very sparse chromatin network and 
usually a submembranal condensation of granular chromatin. The 
nucleolus is usually very large (n : N reaches 1 : 2) and the nucleus 
may be of almost any size or shape. Some nuclei are oval or rounded, 
but many are polygonal and some have extremely fantastic shapes. 
They may lie with their long axes across the breadth or shortest 
diameter of the cell (Fig. 121), thus well illustrating how far the 
latter has departed in morphology from the spindle-(*ell type. The 
cytoplasm often contains phagoc.yted inclusions such as leucocytes 
(Fig. 121) and especially fat globules (Figs. 119 and 120). Bi- 
jiucleate cells are commonly seen. Intergrades occur between these 
c.ells and th<»se of the fibroldastic type first mentioned. A minority 
t)f the colls are quite small and rounded, not unlike lymphocytes, 
hut their cytoplasmic rim is wider than a typical lymphocyte and the 
oiiUine less regular. Mitoses are rare; usually only one (*an be found 
in a transect ion of an entire nodule. 

Kemarlm ,—The diagnosis of a case such as this j)resented extreme 
difiiculty until experience was obtained of other similar (lases in fowls 
sliowing a pleomorphic, tendency of the sarcoma cells. The present 
case is one in whi(‘h this pleomorphism is so exaggerated that recog¬ 
nisable cells of the fibroblastic type are greatly overshadowed and the 
bizarre cells attain a number and diversity of form superior lo tlie 
other cases mentioned. It is possible that the primary lesion in this 
(‘ase, wherever it may have been sitmited, presented a less bizarre 
picture and would have been recognisable as a “ mixed-celled 
sarcoma. The present lesions are, however, predominantly of the 
macrophagic cell type and a mixture of the two t«ell ty})e8 is detected 
only oil close study. 

Diagnosis .—Hepatic metastases of an unrecorded primary 
tumour probably having the morphology of a. “ mixed-celled ” fibro¬ 
blastic and histiocytic sarcoma. These secondary lesions are pre¬ 
dominantly of the character of histiocylic sarcoma. 


Case 3 (Fowl, 15427). 

The specimen, sent ** as a c^se of leucosis ’’ consists of a length 
of about one foot of a fowl’s intestine whose serosa and mesentery 
are vstudded with innumerable, white, non-encapsulated nodules vary¬ 
ing in diameter from *05 to 3 mm., while much larger masses result 
from confluence. These nodules have a pronounced predilection for 
the attached border of Ihe bowel, where, extending onto the adjacent 
mesenlery, Ihere is a continuous diffuse thickening in which the 
limits of Ihe individual nodules become very vague. 

Microscopically, there are seen to be ill-defined, non-encapsulated 
foci in the mesentery and bowel subserosa consisting of rather loosely 
aggregated cells. Many of Ihese are interpreted as neoplastic fibro¬ 
blasts, but great pleomorphism exists. Many of the cells are spindle- 
shaped and associated with sparse intercellular collagen fibrils. Their 
nuclei are variable in size and may be cigar-shaped or of short-oval 
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Fig. 118, Fio. 119. 


Kia. 118.—An anaplastic hifitiocyto in the hepatic inotastasis of a mixed •celled sarcoma 
of the fowl: Irregularity of the nuclear outline and eccentric, enlarged nucleolus. 
(15161; 750 X). 

Fio. 119.—A neoplastic lipophage (macrophage) in the hepatic metastasis of “ mixed- 
celled ” sanfoma of the fowl: Note fat>vacuoles in the cytoplasm and compressed 
centra! nucleus. (15161; 750 X). ^ 




Fig. 120. Fig. 121. 


Fig. 120.—^Neoplastic macrophage in the hepatic metastasis of “ mixed-celled ” sarcoma 
of the fowd: Foamy cytoplasm duo to fat-vaeuolation and compressed central 
nucleus. (15161; 750 X). 

Fig. 121.—Cytophagocytosis by a neoplastic macrophage in “ mixed-celled ” sarooraa of 
the fowl r Note the newly-phagocytosed leucocyte in the cytoplasm, the inegriar 
nucleus and the enlarg^ nucleolus. (15161; 1150 x). 
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shape; the nuclei are vesicular but have a heavy membrane. There 
is a scarcely visible, sparse chromatin network. The n ! N ratio is 
increased, especially in the larger nuclei (e.g. 1 ! 8). The nucleoli 
are one to two in number. There are from these cells all degrees of 
transition to large, branching cells with elongated cytoplasmic pro¬ 
cesses; they often have extremely large and bizarre nuclei, showing 
marked hyperchiomatism. Of these cells, some are rounded up and 
contain many inclusions in their cytoplasm. Where the tumour 
tissue grows invasively in the mesenteric, fat many of the cells are 
laden with (phagocyted) fat droplets. There also occur multinu- 
cleated giant cells apparently arising from multiple nuclear 
divisions. These may have about half-a-dozen small nuclei, most 
irregularly crowded together. Bi-nucleate cells are comnion. The 
tumour nodules are provided with a stroma of thin-walled blood¬ 
vessels usually consisting of endothelium alone, but over large areas 
these are few in number, and here necrotic centres occur. In parts 
the growths are limited deeply by ihe longitudinal muscular coat of 
the bowel, elsewhere actual juA^asion of this layer is in progress, 
although the circular muscular coat has not yet been reached. 
Mitoses were not seen. 

Remarks .—These lesions have obviously arisen by transcoelomic. 
implantation from an unrecorded primary. From experience (see 
the later cases) we know that the latter must almost certainly have 
been situated in the reproductive organs. The tumour cells are re¬ 
markable, in addition to their pleomorphism, for the pronounced 
phagocytic ability whi(h they display, e8])ecially in respect of the 
mesenteric fat which they are invading. As mentioned (under the 
heading of lipogenic sarcoma) such neoplastic lipophages iriust not 
be confused for true neoplastic fat cells. 

Diagnosis ,—Transcoelomic implantations on bowel and mesen¬ 
tery of fibroblastic and histiocytic sarcoma; the primary lesion was 
presumably situated in the reproductive organs. 

Case 4 {Fowl, 8487). 

This specimen consists of the abdominal viscera of a hen. The 
various organs are matted together by a diffuse new growth consistng 
of innumerable confluent nodules which cover the mesenterj^ (Fig. 
122) and all other peritoneal folds. These nodules are mostly of 
irregularly spherical sl^ape and vary in size from 1 to 5 mm.; but 
they are united by a more diffuse growth of the same nature, so 
that the whole mesentery is greatly thickened and presents a surface 
like that of .a cauliflower; thus, large diffuse masses composed of a 
confluence of larger and smaller nodules on the mesentery may reach 
a diameter of 4 cm. and there are also present more discrete and 
more circumscribed masses of the size and shape of walnuts (oval, 
2*5x2 cm.). One of these lies in the mesentery of the small in¬ 
testine, and on its surface appear smaller nodules; another lies in 
the mesoduodenum at the proximal extremity of the duodenal loop, 
replacing the head of the pancreas. The rest of the pancreas is 
covered by multiple smaller nodules. A large diffuse mass occurs on 
the mesentery near its divstal border but spreading fi^m here to near 
the root of the mesentery. It measures 4 cm. across and spreads 
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around the l)owel wall, which it almost completely encases. The 
l)owel is, in general, most affected along its attached l>order, but 
many nodules are also present on all other parts of the wall, where, 
however, confluence is less marked. The gizzard is solidly encased 
in a diffuse mass whose multiple nodular nature is still partly in 
evidence. The same is to be said of the proventriculus; and where 
this organ is related to the left lobe of the liver, multiple nodules 
occur on the liver suiface. A portion of the oviduct and its ligament 
are present: both are affecied by multiple nodules which, in the case 
of the ligament, incline to be diffuse; and, in the case of the duct, 
are relatively few in number, more discrete and scattered, reaching 



Fig. 122.--Extensive transecM'loinie implantations on the mesentery and bowel serosa of 
“ mixed-eelled ” sanonia of the fowl (primary in the ovary). (8487; 2/3X.) 
(Reproduced through the courtesy of the Editor of Farmimj in South Africa), 


a diameter of 5 min. Internally, the mucosa of this portion of the 
duct is unaffected. The spleen is intimately related and partially 
adherent to a diffuse growth on the peritoneum, but its capsule is 
intact and there is no invasion. The ovary contains a single fairly 
discrete growth, more or less spherical in shape and measuring 1*5 
cm. in diameter. This is noii-encapsulated, and deeply it comes into 
intimate relation with the ova while superficially it* appears to be 
for the most part invested by serosa; at one part of its surface, how¬ 
ever, the growth appears to have no serous covering. In the vicinity 
of this defect, large degenerate ova show a few scattered (implanta¬ 
tion) nodules on their surfaces. 
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Microscopically, the ovarian growth has an inconspicuoiiB 
stroma formed entirely by thin-walled blood-vessels with but little 
connective-tissue backing. The parenchyma is composed of pleo¬ 
morphic cells which are very loose in their arrangement and, unlike 
the cells of a typical fibroplastic sarcoma, show but a slight tendency 
to grouping in bundles. A close study of these cells enables one to 
establish two main types, and to see that probably the majority are 
of a nature intermediate between these types, (a) Spindle-shaped 
cells having a distinct similarity to fibroblasts and associated wilh 
the production of bundles of intercellular fibrils which react (although 
usually "weakly; as for collagen with the van (Jieson stain. These 
elements have vesicular, oval to cigar-shaped nuclei, which 
contain one or two moderately enlarged nucleoli. The nuclei 
are often modified to a ciiboidal, rectangular, or pyriform 
shape. In some fields the tumour is composed largely or 
even exclusively of these cells which show a limited 
tendency to be gathered up into bundles, thus forming a 
tissue of denser texture than the other parts of the tumour, (h) In 
other areas, the parenchyma is composed almost exclusively of cells 
which are rounded, oval, or irregular in shape and which often 
possess cytoplasmic processes. Their cytoplasm is poorly outlined, 
stains a pink-mauve with haemalum-eosin and often shows single or 
multiple va(‘uoles (fat globules) which commonly attain a size of lO/m. 
Often, numbers of smaller vacuoles (1‘5/x) may be present. These 
cells vary greatly in size, from about 14/i to as much as 52,a in 
diameter. Their nuclei are usually oval or spherical, sometimes bean- 
shaped in adaptation to the emdosed fatty globules. OccasioTially 
they are pyriform, or irregular in shape. They may lie very eccen¬ 
trically in the cytoplasm. They usually vary from 7/x to in 
diameter. In structure they much resemble the nuclei of the spindle- 
cells, being vesicular and having one or two nucleoli. The latter are 
usually somewhat larger than in the case of the spindle-cells, while 
in a minority of the cells a striking increase in the n : N ratio is 
seen (e.g. 1 .* 4). The iiucleoii are also often modified in shape: 
triangular or rectangular. In a number of these cells the nuclei show 
a slight condensation of chromatin in the submembranal zone, but 
oil the whole hyperchromatic changes are not striking. In addition 
to the fatty vacuoles, the cells may contain a few acidophil cyto¬ 
plasmic inclusions. These are spherical, do not stain much more 
brightly than the rest of the cytoplasm, have a hyaline appearance, 
and reach a diameter of 6 They consist of the remains of phago- 
cytosed leucocytes. Bi-nucleate cells are fairly common and less often 
cells with three or more nuclei occur. The cells are not clearly 
associated with fibril formation: they lie somewhat isolated in the 
meshes of reticulum fibres. At the circumference of caseating 
necrotic foci occur many giant cells: large plasmodial masses having 
as many as SO closely crowded nuclei not showing nucleolar enlarge¬ 
ment and distinctly smaller than the tumour ceU nuclei; these are 
considered to be “ epithelioid and foreign body giant cells of 
inflammatory and not of neoplastic origin, (c) A large number of 
cells are intermediate in type between types (a) and (h); i.e. they 
depart to variable extent from the spindle shape and become progres¬ 
sively less associated with the production of collagen fibrils. How¬ 
ever there is still a fairly rich intercellular network of reticulum 
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fibrils, (d) In limited areas, the preseiKje of fatty vacuoles in the 
tumour cells reaches such proportions that the appearance of a lipoma 
is simulated. The whole (lytoplasin becomes occupied by a large fat 
globule commonly measuring more than 50/x in diameter. At the 
peri])hery is seen ibe compressed, crescentic nucleus. 

There is a moderate infiltration of granulocytes throughout the 
tumour. There are also large areas of fibrinous exudate with many 
(inflammatory) macrophages at their periphery. Deeply, the tumour 
lacks encapsulation, the infiltrating cells forming an indistinct 
margin and growing between the ova, many of which show signs of 
degeneration. Superficially, sections show that in parts the 
albvfjhtea of the ovary resists the tumour invasion to some extent; 
in other parts only the serosa (germinal epithelium) remains intact. 
The mitotic index is less than 1. 



Fig. 123.— Large neoplaatic raacrophagoB in the mesenteric implantations of the ** mixed- 
cclM "" sarcoma shown in hg. 122 : Note the large amount of foamy cytoplasm 
due to phagocyted fat, and in the cell on the left also two phagocytosed cells 
in process of digestion. (8487; 750 x). 


The mesenteric nodules, while resemhling the ovarian growth, 
show two main differences. The great majority of the cells (Figs. 5 
and 128) are of type {h) (above), relatively few of the spindle-cells 
being present. Correlated with this is a greater sparsity of the inter¬ 
cellular reticulum. Secondly, there is a distinct increase in 
anaplasia; the average size of the cells is much larger, and a diameter 
of (iO/i is commonly exceeded. Lipoid vacuolation of Ihe cytoplasm 
is again frequent, but there is here a greater tendency for the whole 
or portions of the cytoplasm to contain multiple, closely-set, minute 
vacuolatious (diameter ca, l/i), (*onferring a honey-combed or foamy 
appearance on the whole or parts of the cell body. Examples of 
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cytophayocytosis are also to be seen (Fig. 123). The nuclei also are 
on average much larger, and although the small ones are still often 
to be seen many reach a longest diameter of 30ju. Bizarre nuclear 
shapes are frequent and the borders may present a toothed appearance. 
There is a much greater tendency to hyperchromatosis and there may 
occur throughout the nucleus (and not only in the juxta-membranal 
zone) relatively coarse granules of chromatin, in some oases masking 
the vesicular nature of the nucleus. A number of nuclei are shrunken 
and look glassy and poorly stained. Most striking of all are the 
greatly enlarged nucleoli (see Fig. 5), measuring as much as 
8*4x5 G/x, which often show bizarre alterations in shape (elongated, 
twisted appearance). A fair number of these nucleoli show various 
stages of a vacuole-like degeneration (discussed elsewhere) arid minute 
vacuoles (Fig. 5) to large hyaline intranuclear inclusions may result. 
There is, however, no marked increase in the mitotic index in these 
implantation nodules. Large exudations of fibrin occur, again 
associated with an infiltration of macrophages; granulocyte infil¬ 
tration is less marked and the greater part of the nodule is free theie- 
from. These nodules are seen to invade the mesenteric fat, penetrat¬ 
ing intimately between the adipose cells. There is no encapsulation. 
They contain less collagen than the ovarian growth and their stroma 
is again formed almost entirely of thin-walled vessels. 

The tumour from the mesoduodenum resembles more the 
mesenteric growths described than the ovarian tumour; although, 
as in the latter, there are present a fairly large proportion of spindle- 
cells, the large bizarre cells are numerous and show proiiouucod 
anaplastic changes. There are large, partially encapsulated foci (d‘ 
necrosis and haemorrhage. 

Sections of small (pin-head sized) nodules from the wall of the 
ai)ex of a caecum show the same tumour tissue with few spindle-cells 
and a majority of the large bizarre cells. These nodules o(*cu])y th(‘ 
subserosa and invade also the longitudinal muscularis, but not deeply. 
Larger (lentil-sized) nodules in tne bowel wall are continuous with a 
diffuse growth invading the mesenteric fat and may completely 
replacje the longitudinal muscularis and show commencing invasion of 
the circularis. In still other nodules the neoplastic tissue may 
penetrate as far as the muscularis mucosae, having completely 
destroyed the circular mu8<*ular coat. The (confluent) nodules in the 
mesentery are seen to lack serous covering, but to be joined by 
diffuse sheets of tumour tissue which are situated in the subserosa. 
Se<*tions of the affected portion of the liver show that the capsule 
of that organ is intact and that the growth is confined to the subserosa. 
Anaplastic changes are not so marked as in the mesenteric tumours. 
Many infiltrating (inflammatory) elements are present. 

This (*ase had been diagnosed routinely as a “ diffuse 
endothelioma of the peritoneum but whether this error arose on the 
basis of the observation of the thin-walled blood-vessels of the stroma 
(which are not, however, a striking feature) or in the sense of a 
mesothelioma was not stated. This diagnosis need not be seriously 
considered, since it was obvious that little attention had been paid 
to the ^ cytology and that special fibrillar strains, other than van 
Gieson’s, had not been applied. Further, the ovarian tumour had not 
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bef»ii examined; it was treated BwS on a par with the other grov ihs on 
the visceral peritoneum and, hein^c considerably smaller than some 
of those, its primary nature was not realised. This case teaches well 
ibe principle that secondaries may oflen ex(*.eed the primary in size 
as well as in seriousness of their effects. Tt is clear from cases such 
as these, that ditficullies are encountered in the accurate assessment 
of intra-abdominal tumours of birds. The safest criteria we can apply 
in these cases, in addition to our knowledge (based on experience) that 
the ovary or re])rodu(;iive trad is a priori the most likely site of the 
primary, are those whicli depend on a minute study of Ibe cytolo#?y 
whereby we may be able to recotynise an increased anaplasia in the 
se(*ondary as compared with the primary growth, as has been done 
in this case; eiiablinji' one to say with (‘onfidence that the ovarian 
tumour is primary and all the others implantation-metastases. The 
tyi)e cell of this tumour is the macrophaj^e or histiocyte and its 
derivative the fil)roblast. The cells tend to dift'ereiitiate less in the 
direction of tibiil formation than in the direction of the essential 
characters of the macrojiha^e or histiocyte; this is seen in their 
j)ronounce<l phagocytic ability, their association (while still 
sessile) with reticulum fibres, and in other features of their 
morpholojyy. 

Sfttnmorij .—A primary ovarian tumour composed of cells which, 
besides a])pearin«? as larg-e pleomorjihic elements showing-, especially 
in respect of their phaj»*ocytic ]n*opensity, resemblances to the 
macropha^re, tend t(j differentiate into elements^ of the fibroblast 
lype. Both colla^ren and reti<*ulum fibrils are produced and anajdastic 
changes are relatively sligdit. Extensive implantations on the 
mesentery and vis(*eral serosae, forming diffuse f»Towths by confluence 
and also more discrete f^rowtbs whitdi may exceed the primary in 
size. In these the tendency of the cells to resendile macro- 
phu^?es is much more pronounced and indeed the secondaries may be 
fonned almost exclusively by smdi cells. Correlated with the 
secondary tumours is an increase in anaplasia, espeidally reflected in 
the niudeolar enlargement, distortions, and vacuolation. Yet the 
ixuietrative jiowers of the secondaries are limited. They tend mainly 
to form diffuse superficial sheets on the serosae; they may, however, 
us compared with the imjdantatioiis of avian carcinomas, exhibit 
more infiltrative ability than is usual, invadiiifjf the bowel as far as 
the mvsrularis mucosae. Lipophagy is marked wherever the tumours 
invade tivssues containing lipoids—the ovaiw (yolks of the ova) and 
the mesentery (subserous fat deposits). 

Diagnosis. —Mixed-celled (fibroplastic and histiocytic) 
sarcoma of the ovary, with multiple and extensive transcoelomic 
iirijdantations to the serosae. The secondaries often grow an almost 
pure histiocytic sarcoma. 

Case 5 {Fold. 15100). 

The following pathological anatomical findings were recorded 
at autopsy of a While Leghorn hen. Attached to the ovary by the 
visceral peritoneum is an oval, somewhat flattened neoplastic mass 
which lies compressed by the other viscera against the kidneys, on 
the ventral surfaces of which it causes an impression. It measures 
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4*5 X 4x1*5 cm. and is oi a yellowisli white colour. The surface is 
inegulur and lobed and appears to he covered by the serosa except 
at the summits of nodular elevations. Its consistence is soft and the 
cut surface friable. In parts it is covered by a fibrinous exudate. 
The ovary also shows multiple, smaller, pediiiiculaled tumours of the 
same appearance. The other viscera (proventiculus, gizzard, in- 
tesline, oviduct) show on their serous surfaces very numerous, often 
confluent nodules, varying in size from 1 mm. to 1 cm. The mesen¬ 
tery shows numerous discrete nodules measuring *5 to *7 mm. in 
diameter and there are also diffuse thickenings of the serosa due to 
confluence of such nodules. The free, as well as the attached, border 
of the bowel is affected in parts. The duodenal looj), mesoduodenum, 
and pancreas show the severest affection, confluence of nodules here 
producing extensive diffuse masses with cauliflower-like surfaces. 
The liver bears, superficially, tumour tissue whic h is continuous with 
oinental implantations; elsewhere it shows pale, indistinct, poorly 
circumscribed foci of whitish colour. The kidneys are enlarged and 
their surfaces are affecded by multiple, slightly raised, indistinct, 
pale foci *5 to 2 mm. in diameter. Attached to the epicardium are 
a few pedunculated white foci, varying from 1 to 2 mm. in diameter. 
The oviduct has occasional nodules on its serosa, up to 7 mm. in 
diameter. The oviducal ligament bears more frequent but smaller 
nodules (2 to 3 mm.), which in places are confluent especially near 
the ovary, with whose tumours they also show direiri (»ontijiuity. 
The pancreas is much enlarged and invasion by tumours situated on 
its surface is to be seen. 

Microscopically, the study is considerably hindered by fairly 
advanced autolytici changes. The large ovarian tumour consists of a 
delicate reticular stroma (not reacting for collagen) which supports 
indistinct alvecdar-like groups of cells which are mostly of a poly¬ 
gonal shape, are closely packed and between which there are scanty 
intercellular fibrils. These cells have a finely granular acidophilic 
cytoplasm often containing vacuoles w*hich react with Sudan 111 
stain. They have oval to spherical nuclei with a distinct nuclear 
membrane and a single prominent nucleolus often lying eccentrically 
and sometimes modified in shape (elongated, slightly curved or bean- 
shaped). The nuclei appear to be of vesicular lype and poor in 
chromatin, but their structure is often masked by aulohiic changes 
and by karyorrhexis. A good many show hyperchromatic changes, 
especially an accumulation of heavy particles beneath the nuclear 
membrane. The cells are often (dosely packed in strands within 
which little intercellular*fibrillar matrix can be detected. In parts 
they tend to be elongated and resemble the (spindle-shaped) fibro¬ 
blast. Large masses and scattered globules of yolk lie scattered in 
the tumour tissue which has developed in and is clearly replacing 
the ovarian tissue. Penetration of the tumour cells into vascular 
lumina can be seen : the endothelium of such invaded vessels appears 
prominent and hypertrophic (collateral hyY)erpla8ia). Such vessels 
also contain free yolk. Superficially the neoplastic tissue is limited 
by the ovarian albuginea, which is covered by a deposit of yolk 
globules and fibrin and is infiltrated by polymorphonuclear granulo¬ 
cytes ami macrophages ingesting the yolk globules; the germinal 
epithelium over the tumour has disappeared. Over large areas the 
tumour cells show necrobiotic changes (acidophilia, karyorrhexis). 
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The blood-vessels of the stronm are moderate iu number and thin- 
walled. Invasion of them by tumour cells can often be seen. The 
mitotic index is rather low (index —1). 

The ovary itself is invaded by multiple unencapsuluted foci of 
the saiue Jiature as the larj^e tumour. In addition there are multiple 
foci of invafling' cells whose cytoplasm is filled with (specific) rounded 
granules most of whic h are eosinophilic and a minority of which are 
basophilic. These are identified as i)seudoeosinoi)hile myelocytesC’). 
They have oval or bean-shaped nuclei, which are of vesicular type 
and usually simi»le, althoup:h oc*.casionally there is a tendency to the 
formation of not juoie than two lobes. Their nucleoli are not promi¬ 
nent and indeed in most of them no distiixit nucleolus is to be seen. 
Jlotli this and the jireviously described type of f^rowth are causing 
destruction of the ova and in parts the tAvo types become intermingled 
(“ collision This second infiltrating tissue has a higher mitotic 
index than the first. Its cells are seijaraied by a scanty reticular 
stroma. Masses of yolk globules lie scattered among the cells of both 
types of tissue. The ovarian lymphatics often show a prominent, 
hypertrophied endothelium and can be seen to contain neoplastic 
cells of both types as well as ovarian elements—yolk globules and 
follicular ej)ithelium. Actual jiictures of vascular invasion by the 
myelocytes can also be seen. 

Sections of the mesoduodenum and pancreas show that the latter 
organ is everywhere closely invested by a neoplastic growth which 
invades the parenchyma only at certain points, being elsewhere re- 
>isted by the capsule, under which necrotic areas occur in the gland 
substance (interference with nutrition due to the close investment 
and effect on blood supply). The neoplastic imj)lantations on the 
mesoduodenum are of the following tyi)es: (//) large foci of neo¬ 
plastic* myelocytes, (/j) foci of cells corresponding to those in the 
large ovarian tumour, and (c) mixed foci similar to (6) which are 
actually also invaded by the myelocytes. The neoplastic tissue which 
actually invades the paii(*reus consists of distinct foci of types (a) 
and (b). In sections of the kidney the cortex shows multiple small 
foci of neoplastic myelocytes intimately invading the interstitium and 
destroying the parenchyma. The veius(^) can be seen to contain 
yolk and myelocytes; invasion of veins by myelocytes can actually 
be seen. The jmlychromatic reaction of the specific myelocytic 
granules (*an best be observed in this organ. The liver is hyperaemic? 
and has focal infiltrations of the same nature as those in the kidney, 
The fotri tend to be perivascular in location (portal veins). Myelo¬ 
cytes and also liver cells occur iu the blood of the veins. Sections 
of this organ which transect the porta reveal extensive implantations 
of both types, often intermingled without definite demarcation (Fig. 
124). The liver capsule resists the implantations of the ovarian 
growth (sarcoma) but is penetrated by the myelocytic neo})lastic tissue 
which, to a limited depth, invades the underlying parenchyma (by 
direct continuity). The serosae show on their surfaces deposits of 
both types of neoplastic elements, blood-cells and yolk globules. The 
subserosa is invaded by both types of neoplasm, either one or the 

(«) See p. for the common errors in identifjnng such cells. 

(') Renal portal system! 
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other prepoudeptiug in di&rent sections. Wodules on the oviduct 
iiu(l ovidncul ligament consist entirely (jf the sarcomatous growth, 
which may invade the duct deeply, breaking through the mucosa, 
especially where the wall is thin (funnel region). Excellent examples 
of lijjophagy on the imrt of the tumour cells occur in the subserosa 
of this or^n. Sections of the heart (Figs. 125, 126 and 127) show two 
types of foci :— (a) These are in the minority and are of pin-point 
to pin-head size. They lie in the subepicardial tissue and from there 
invade between the muscle fibres of the myocardium for a short 
distance. They cause the overlying serosa to be slightly raised. 
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Fig. 124,— a collision tumonr in the fowl: Left, histiocytic sarcoma and, right, myelo- 
cytoma intermingling in transcoelumic implantations to the serosa of the liver; 
both primary tumours situated in the ovary. (151(K); 250 X). 

These foci consist of myelocytes. In a blood-vessel close to such a 
focus a mass of yolk globules can be seen mixed with the blood-cells. 
(6) The majority of the foci are larger (e.g. 6 mm.). They consist 
(see Fig. 125, above) of rounded or polygonal cells varying in size 
from 4*2 to 12*6/*. They also lie in the epicardial subserosa, but 
may produce a prominent elevation or even be pedunoulated without 
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demonstrable serous investment. The closely packed cells lie m 
groups of oval or rounded shape and demarcated by strong trabeculae 
of collagejious tissue (i.e. there is here again an alveolar arrange¬ 
ment). The cells have a somewhat undifferentiated appearance, no 
polarity is recognisable, the nuclei may be single or double, measure 
Ofi to 7/x in diameter, and are often irregular (angular, pointed) in 
shape. Ihe nucleoli are very large and pixmiinent and often of oval 



Fig. 125.—Epicardial mctastases of histiocytic sarcoma of the fowl: Above, indifferent 
round-celled growth; below, invasion of veins by cartilaginous neoplastic tissue. 
(15100; 120 X). ^ 
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shape (n : : 4). The cells are separated hy delicate inter- 

(‘.ellular reticulum fibrils. Their cytoplasm is opaque, non-granular, 
dull mauve staining^ with haemalum-eosin, and fairly often contains 
one to six sharply defined (fatty) vacuoles, 1 to 'ifi in diameter, often 
grouped to one side of the cell, exerting pressure on the eccentric 
nucleus. It constitutes a moderately broad ring around the nucleus, 
which is always somewhat eccentrically situated and of vesicular 
type, with a single, slightly to moderately eccentric nucleolus occupy¬ 
ing a considerable part of the nucleoplasm. Occasional cells may be 
moderately elongated, \vith the nucleus situated at one i)ole. Many 
nuclei show karyorrhexis. These cells are undoubtedly of the same 
general type as those encountered in other mixed-celled sarcomas, 
although less bizarre. 

A modifi(*ation of these fo<i occurs in some which are imperfectly 
encapsulated (i.e. breaking thiough their capsules, or capsule defi¬ 
cient in parts) and are prominently pedunculated. They consist of 
cells as described above, but dispersed in a large amount of hyaline 
intercellular matrix (hig. 126). This substance appeals to have a 
shredded appearance (parallel lamellation, probablj^ a i>ost-mortein 
artefact) and reacts well with Hoyer’s thioniii stain, giving a distinct 
metachromatic reaction for mucin. The same arrangement of colla¬ 
genous trabeculae is present, ami these are continued as distinct reti¬ 
culum fibres penetrating between tlie individual tumour cells in those 
parts which lac^k the hyaline matrix: for it must be explained tliai 
large groups of cells may occur in or around the edges of tlie masses 
of the matrix. Where hyaline matrix has been laid down, no fibrils 
can be seen. The cells in jiaiis show a distimt tendency to t)e 
arranged in vertical rows and this appearance together with the 
hyaline matrix (which indeed is thought to represent a chondromuein ‘ 
confers on the issue an aiipearance reminiscent of cartilage (Fig. 126). 
Further, in parts (Fig. 127) may be found, if a searcli be made, a fair 
number of cells in the matrix which show indistimt capsules 
reminiscent of the (diomlriii glolies of hyaline caitilage. The tumour 
(jells, where they become isolated fko matrix, often undergo a 
degenerative (^hange whereby the cytoplasm beconjes strongly acidi^ 
philic and finely granular; and finally the nucleus disaj)]>cars and a 
blotch of acidophilic granular material is left in the matrix to mark 
the spot previously occupied by a cell. Breaking through of the 
neoplastic tissue into the lamina of veins can be observed in the 
epicardium and in the underlying myocardium, and in the veins in 
this vicinity masses of this neopla>stic cartilage-like tissue can be seen 
(Fig. 125, below), while free tumour cells are often mixed with IJm 
blood. In parts the matrix of these nodules is channelled by cavities 
without lining endothelium and containing fresh blood-cells, 
apparently in circulation (Fig. 126). These channels often become 
irregular and widened into considerable lagoons of blood. 

Rcmarka ,—We have here to deal wath a large primary ovarian 
tumour having the general morphology of a ** luixed-celled ” 
sarcoma, as is shown by the phagocytic and fibroplastic propensities 
of the cells. The anaplastic changes are somewhat limited and many 
of the cells would correspond with what in older pathological terms 
might be called large round cells The alveolar structure, 
although not very distinct, led to a confusion with carcinoma when 
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the primary tumour was first examiiiefl. The tumour cells are active 
in pliapfooyting the yolk globules set free in the destruction of the 
ovarian tissue. This process of yolk destruction reaches a degree 
where in the blood-stream in various parts of the body may be found 
circulating emboli of yolk globules. Evidence of the invasion of the 
blood-stream (and also possibly the lym])h-stream) is seen in these 
sections. In the ovary itself there are multiple smaller tumour 
inter])reted as local metaatases (])robably lymph-borne and retro¬ 
grade?). These coexist with multiple foci of neoplastic myelocytes— 
jnyelocytoina (myeloid leucosis), and the two types of tumour 



Fig. 12(3.—^Epicardial metaatases of **mixed-ceiled” sarcoma of the fowl: Roimd colls 
becoming dispersed in a (chondro-mucinous) matrix which is canalisod by blood 
(16100; 260 X). 
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tissue often become intermingled by a process of collision during their 
growth. The myelocytomatous foci also invade the vessels, into 
which these neojilastic elements burst, carrying with them at the 
same time actual normal elements (yolk masses and follicular 
epithelium) of the ovary. 

Further, there is extensive spread by transcoeloniic implanta¬ 
tion, the seeding from the ovary occurring on all the visceral serosae. 
Complicating this is a chronic peritonitis set up by the freed yolk 
and the (often necrotic) neoplastic elements. These implantations, 
affecting mesentery, bowel serosa, and liver serosa in both cases, and 
also the oviduct in the case of the sarcoma, reach their greatest 
dimensions in the mesoduodennm and on the liver serosa at the porta 
of that organ. The mesoduodenal growth so invests the i^ancreas as 
to cause focal necrosis of that organ (presumably through mechanical 



Fig. 127. —Another field of the sarcoma raetastases shown in figs. 125 and 126 : Enclosure 
of tumour cells in capsules suggestive of hyaline cartilage (chondro-sarcomatous 
growth). (15100; 250X). 

interference with its blood-supjdy) and both types of neoplastic tissue 
penetrate the capsule to invade the parenchyma. The (more resis¬ 
tant) liver capsule was found to have been penetrated by the myelo- 
cytoma only, and even this grew inwards only to a limited extent, 
by following the bile-ducts from the porta. The kidney and liver 
show multiple foci of myelocytoma which are dispersed throughout 
those organs and are not the result of implantations. In the oviduct 
the sarcomatous implantations show considerable invasive powers, 
penetrating as far as the mucosa. In the heart the most interesting 
changes are met with. Here the blood-borne metastases of the 
ovarian sarcoma assume a peculiar modification in which not only 
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may (in some foci) the cells remain in a less differentiated (and there¬ 
fore less easily recognisable) state, but a differentiation occurs (in 
other foci) whereby an atypical cartilaginous tissue, having marked 
vascular invasive propeities, occurs. These foci morphologically have 
to be described as chondrogenic sarcoma, although they are admit¬ 
tedly n()t typical of that entity. Considerable hesitation preceded their 
diagnosis as secondaries of the ovarian neoplasm. Howeser, the fact 
that blood-borne metastases of this ovarian growth to the epicardium 
had actiuilly occurred is y)roved by the iion-chondrogenic epicardial 
foci, which actually establish a distinci morphological link between 
the strucUire of the i)rimary tumour and the chondrogenic heart foci. 
This is further confirmed by the presence also of (blood-borne) meta¬ 
stases of myelocytoma in the epicardium. The circumstance that 
tumours were not recorded in the lungs need not concern us(‘‘j since 
myelocytoma metastases in those organs were also absent and the 
finding of yolk glol)ules in circulation in the heart shows conclusively 
that elements from the ovary had eluded arrest by the pulmonary 
cai)illaries. Jn sj)ite of the fact that in some of these epicar<lial 
secondaries is deposited a (choiidro-) mucinoxis matrix in which the 
cells be(|onie enclosed in the manner of cartilage cells, they are not 
necessarily regajded as an exception to the rule (itself, as we have 
seen elsewliere, by no means inflexible) that the secondary neoplasm 
does not show increased but rather decreased differentiation as com- 
])ared with the ])rimary; indeed iliese “ chondrogenic cells are in 
some respo<ds—actual <'ell m(»rphology—considerably less differen¬ 
tiated than the (‘ells of the primary. Under what stimulus this urge 
to deposit mucinous matrix in the subepicardium arises 1 can offer 
no suggestion. 

/)ia(jno.sis .— “ Mixed-celh'd sarcoma of tlie ovary (fibroblastic, 
but juedoininantly histiocytic) with lo(;al metastases in the ovary; 
ini])lautations to the nu'sentery and visceral serosae wdth direct in¬ 
vasion of the pancreas from the mosoduodeuum and deej) y»enetration 
of the oviducal wall; blocal-borne metastases to the epicardixiin tend¬ 
ing to grow us chondrogenic sarcoma, (\)existent multiple myolo- 
cytoma (myeloid leucosis) affecting the ovary, kidneys, and liver, 
spreading by transcoelomic implantation from the ovary to the 
serosae, invading the pancieas by direct spread from the mesoduo- 
denuin and the liver from the hepatic serosa, and giving rise to 
(bl(>(»d-borne) metastases to the epicardium. Tlio two tumours not 
seldom come into collision, so that some of the foci are a mixture 
of the two types, 

Case 6 (Fowl 104(K1). 

It is not possible to give a (*omplete report of naked eye apjxear- 
auces in thivS (‘ase, as only fragments of some of the lesions were 
submitted and an autopsy report is not available. The specimen con¬ 
sists of the following material from a hen:—The ovary is the seat 
of multiple pedunculated and sometimes confluent nodules, varying 

(*) Willis (1984) emphasises that in man the passing of malignant neo¬ 
plastic cells through the pulmonary capillaries without setting up lung 
metastases is to be accepted with caution. But the lungs of the bird are not 
necessarily comparable with those of mammals in this respect. 
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in size and shape: the smallest are irregfularly spherical and about 
1 mm. in diameter, while the largest tend to be oval and measure 
up to 2 cm. in diameter. They are intimately intermingled with the 
ova and the whole mass measures 6 x 3-5x2 cm. The cut surface, 
discoloured through preservation, was (probably) white in colour and 
it shows occasional dark haemorrhagic areas near the surface. The 
consistence is fairly firm. A detached mass measuring 3 cm. in 
diameter and having a partial serosal covering has apparently been 
cut away from the ovary. Fragments of kidney and skeletal muscle 
show tumour foci of similar appearance to those in the ovary. The 
spleen was reiiorted to have been enlarged and no liver is available 
for macroscopic description (although there are sections of this 
organ). 

Microscopically, the different ovarian lumour nodules vary con¬ 
siderably in appearance due to variation in the differentiation of their 
component cells. The neoplastic tissue intimately invades the ovarian 
tissue, surrounding and in parts replacing the Graafian follicles. The 
stroma proper is composed of thin-walled blood-vessels and is sparse. 
The parenchyma shows the following structure in different lobules: 

(a) spindle-shaped cells, rather loosely arranged and presenting the 
morphology of fibroblasts. They are associated with the production 
of collagen fibrils in moderate amount and these form an irregular 
feltwork permeating between the individual cells. In many lobules 
these fibroblasts, apart from their irregular arrangemeni, show no 
cytological indications of malignancy—the nuclei may be very uni¬ 
form and changes in the chromatin and in the nucleolar size may be 
absent. In such paris of the tumour mitotic figures cannot be found. 

(b) A loose arrangement of large cells often measuring 50/x or 70/a 
in long diameter and having the most irregular shapes. Some are 
polygonal, others triangular, irregularly spindle-shaped or rectan¬ 
gular as seen in section. They often anastomose with their neigh¬ 
bours by means of broad cytoplasmic processes. Their cytoplasm is 
large in amount and in the sections it has a dense apjiearance, stain¬ 
ing a deep reddish-pink to pink-mauve with haemalum-eosin; it 
appears finely granular on highest magnification and often contains 
somewhat more acidophilic areas or globular inclusions. Often it is 
vacuolated throughout and the vacuoles, especially the larger ones, 
are situated for preference in the peripheral portion of the cell. The 
individual vacuoles vary greatly in size, from the limit of visibility 
to about 7/a. They are usually rounded or ovoid but may be of 
irregular shape. Only oive or tw’o large vacuoles may be present in 
a cell or there may be a number of vacuoles of variable size arranged 
near the cell border, or innumerable minute vacuoles may confer a 
reticulated or foamy appearance on the entire cytoplasm. The cell 
borders are usually very distinct, being partially or wholly outlined 
by a fine, fibril-like, cuticular condensation, staining more intensely 
than the rest of the cytoplasm (collagen fibrils intimately associated 
with and a^jparently resulting from a condensation or trans¬ 
formation of the border of the cytoplasm). The nuclei tend to be 
eccentric and are often placed at the extreme edge of the cell with 
little or no cytoplasm enclosing their outer aspect. They are most 
often single, even in the largest cells; but many cells have two nuclei, 
and multinucleated cytoplasmic masses (3 or 4 or more nuclei) are 
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couiiuonly io be seen. The nuclei vary greatly in size and sliape: 
in general Ihey tend to be oval and some are spherical; many depar¬ 
tures from this shape are seen—markedly elongated (spindle-shaped), 
bi-lobed or dumb-bell, pyriform, semilunar, kidney-shaped, and 
wholly irregiiiar niudei. The smaller oval " nuclei may 
measure only 5 ‘O/a acuoss, while the larger ones ma,v measure 35/i, 
the aveiage long diameter being about ll/i. Typically the nuclei are 
distinctly vesicular, there being a scanty chromatin reticulum within 
a moderately sharp nuclear membrane. Within this palely-staining 
nucleus the greatly enlarged nucleolus is a conspicuous oliject. It is 
usually single, less often double, seldom triple. The majority of these 
nucleoli are spherical, but variations in shape are common; oval, 
cigar-shaped, pyriform, and angular nucleoli are encountered. Their 
outlines may be blotchy, as if the nucleolar material were diffusing 
into the niudeojilasm. They may vshow central vacuolation or rare¬ 
faction, as desf'fibed elsewhere. They may l)e ])la(^ed very eccen¬ 
trically, against the nuclear membrane, or may lie more centrally. 
In diameter they measure as much as 7/x and n : N ratios of 1 : 
were recorded. In the nuclei, hyperchromasia is a frequent change 
and this may mask the typical vesicular ajipearance, especially when 
the whole nucleo])lasm becomes filled by coarse chromatin parti<*les; 
or the particles may accumulate beneath the nuclear membrane 
leaving a clear central zone. Occasional nudei are shrunken and 
pycnotic. Mitoses are not frequent; some of the figures are abnormal 
(giant chromosomes, etc.). The index is less than 1, even in the 
most rapidly growing parts. The tumour cells ^in these areas are 
supporte<l by a lich stroma of blood-vessels asvsociated with a small 
amount of coiinecdive tissue, from which scanty fibres ])enetrate be¬ 
tween the individual cells. With the van (xieson stain, in occasional 
cells irregular globules are seen to be present, reacting for collagen; 
or fine fibrillar strands of the same material appear intimately asso¬ 
ciated with and sometimes definitely forming a part of the ecto¬ 
plasm ’’ as described previously, (c) In the ovarian sections a striic- 
tiire intermediate between {a) and (h) is not so well seen as in the 
muscle inetRstases lo be described below. Moreover, in some of the 
lobules composed predominantly of fibroblast-like spindle cells, amoe¬ 
boid elements of the same general appearance as those characteristic 
of areas (b) occui*. In some areas a rather regular alternation of 
bundles of spindle cells and collagen fibres with enclosed groups of 
polygonal cells results in a (pseudo-) alveolar appearance, not to be 
mistaken for carcinoma. Or the free, polygonal elements lie inti¬ 
mately mingled with the spindle cells; they do not reach so large 
a size as in the areas (h), although their nuclei may be multiple. 
They usually measure 8 to 9/x in diameter. Their cytoplasm takes 
a similar dee}) stain, but instead of being granular it has an opaque, 
hyaline aiipearance and the vacuolation is not a prominent feature, 
although occasional vacuoles may be seen. In general, in these areas 
there are distinct signs of anaplasia as com})ared with the areas {a), 
although not comparable with areas (fe) in this respect: nuclear 
irregularities occur fairly frequently in the spindle cells, especially 
those appearances suggestive of amitotic divisions, and elongated, 
lobed, and twisted forms are to be seen. In occasional nuclei there 
appears to be a moderate nucleolar enlargement as compared with 
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ilie non-neoplaslic fibroblast. The free polygonal cells do not how¬ 
ever show the bissarre nuclear changes described above, their nuclei 
being small, spherical or slightly oval and having very moderate 
sized nucleoli. Their cytoplasm may contain distinct globules 
reacting for collagen. In one nodule, consisting chiefly of spindle 
cells with a few polygonal cells and in which there is more collagen 
formation than elsewhere, occur rounded, circumscribed foci of 
stellate, branching elements, widely separated in a (semi-fluid) 
matrix through which run fine fibrils—a typically myxomatous trans¬ 
formation. 

Mitoses are not seen in these areas. The free surfaces of such 
nodules may show a distinct encapsulation arising as the thickened 
ovarian alhuginen. In other cases the tumour is limited superficially 
by a more-or-less unaltered subserosa over which the germinal epithe¬ 
lium is still intaci. The latter may show proliferative dowuigrowths 
into the ovarian stroma("). 

In parts there is a moderate granulocyte infiltration. 

In all these different parts of the ovarian tumour, the blood¬ 
vessels are crowded with cells of the lymphoid haeiuoblast type, 
which often greatly preponderate in numbers over the contained 
erythrocytes. Among these cells mitoses may occasionally be seen 
(lymphoid leucaemia). 

In the kidney, large areas of the paremdijina are replaced by a 
destructive tumour growth resembling most the areas (c) above, and 
in which spindle cells predominate. Mitotic figures are not seen. 
The blood-vessels in these sections are again crowded with haemo- 
blasts. 

Sections of the voluntary’ muscle submilted show tumour foci 
composed mainly^ of spindle cells having fairly distinctly enlarged 
nucleoli and hyperchroinatic nuclei, and with occasional free cells 
approaching the tyx)e described under primary foci (//). These 
nodules are clearly transitional l»etw’een areas (<i) and (6), and the 
free-lying tumour cells show less marked distortions of the same 
nature as those previously described. In some cases the growths are 
limited by the fascia associated with the muscle, in others distinct 
invasion of the muscle fibres is in progress. 

The liver, in the sections available, discloses a replacement of 
large parts of its parenchyma by extravascular pioliferations of cells 
of the lymphoid haemobldst type. These cells also* invade the sinu¬ 
soids and all the blood-vessels are packed with similar elements mixed 
with the circulating blood. 

In the spleen a diffuse replacement of the normal pulp by 
lymphoid haemoblasts is seen. 

liemarhs .—Here again we have to deal with a tumour which is 
primary in the ovary. The (recorded) metastases are blood-borne and 
occur in the kidney and skeletal musculature. In structure the 
tumour again consists of cells of the fibroblast type, showing cell 

(•) Apparently a reversion to the embryonic potentiality of forming sex- 
cords (cf. Fell, 1923-24 and Popoff, 1931). 
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gradations into foci wliicli aie almost purely composed of tLe large 
bizarre cells with which the previous cases have made us familiar. 
As in the previous case, in some foci the alternation of bundles of 
cells specialised more in the direction of collagen fibril-prod action 
with groups of polygonal elements leads to an alveolar appearance of 
some parts of the tissue which may be confused with a carcinomatous 
type of growth. In this tumour, as in Case 1, a close study of the 
appearances seen w’itli the connective-tissue stains is instructive in 
denioustrating the fact that collagen may be formed intracellularly, 
in this case occujring us ac tual hyaline globules within the cytoplasm 
as well as in the form of fibrillar condensations of the edge of the 
cell body. The cells have largely retained this potentiality of matrix 
juoduction in addition to the specialization as the foamy, lipopliagic 
elements reminiscent of the macrophage. No clearer demonstration 
could be found of the transition to the fibre-forming fibroblastic cell 
type from the mobile ])hagocytic type, because here intermediate grades 
can be seen to an extent not possible in the normal ])rototypes of these 
cellular elements. What is especially interesting is this “ abortion ” 
of the collagen forming propensity wheieby, instead of supporting 
fibrils, (useless) masses of collagen develoj) within the cytoplasm. Co¬ 
existent with the sarcomatous affection is the well-known avian 
disease lymphoblastoma (lynijihoid leucosis) which in this case is 
accompanied by a lymphoid leucaeinia resulting from invasion of the 
blood-stream by ihe neoplastic lymphoid cells. 

JJtaf/nosi-s. — “ Mixed-celled ” (tibroj)lastic aud histio(*ytie) sar¬ 
coma of Ihe ovary, with blood-borne metastases to the kidneys and 
skeletal muscles. Coexistent lymjdiblastoma (liver and spleen) with 
invasion of the blood-stream (lyniidioid leucosis with leucaemia). 

Case 7 {Fowl, CJOCT). 

No macroscopic description can be given. The sections of ovary 
show an invasive growth composed of fibroplastic spindle cells, and, 
greatly predominating over these, free cells which show marked 
lipophagic activity. Mucdi free yolk lies scattered among these 
tumour cells and large liaemorrhages are common. The n : N ratio 
reaches 1 *. II in some cells, but in general the bizarre nuclear changes 
previously noticed are less pioiiounced, although the nuclei are often 
ilistorted and comiuessed in the periphery of the (*ells by the pressure 
of the fat globules in the cytoplasm. Mitoses can be found, but are 
rare. The sections of the intestine show’ mesenteric implantations at 
the attached border of the boAvel wdiich to a slight extent invade the 
longitudinal muscularis. Except that the secondaries are even more 
haemorrhagic than the ovarian tumour tissue, their structure is 
ideal ical. 

Remark .^.—This iiimour was erroneoUvsly diagnosed as carcinoma. 
The error arises from the misconception that carcinoma is the only 
ovarian tumour of fowls giving rise to implantations and from the mis¬ 
taking of the fibroplastic spindle cells and their fibies for a “ stroma’’ 
supporting the parenchyma ” of polyhedral cells; in reality of 
course all the cellular elements of the tumour are neoplastic, the true 
stroma, as before, consisting only of blood-vessels. 

Diagnosis .—‘‘ Mixed-celled ” [fibroblastic and (predominantly) 
histiocytic] sarcoma of the ovary, with mesenteric implantations. 
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Cme 8 (Fowl, 8206). 

This speeiiiien consists of portions of the oesophuj^^us, which at 
one point is the seat of a pronounced enlargement. This is occasioned 
by a spherical tumour (h'ig. 128) measuring 2*5 cm. in diameter, 
which ulcerates through the mucosa and occupies the greater part of 
the lumen at this point. It presents an unencapsulated surface, and 
its outer part is a thick necrotic rind which on section is seen to be 
continued from a large necrotic mass occupying the centre of the 
growth. Tlie tumour has a whitish-grey colour (Kaiserling preserva¬ 
tion) and is fairly firm in consistence. Outwardly it penetrates 
through the oesophageal wall, and is firmly adherent to the trachea, 
which it partially encircles, causing a constriction of the lumen. 



Eio. 128. —“ Mixed-celled ” Harcoma of the oesophaguH of a fowl. (820G; 1/2 x). 

Microscopically, the oesophageal tumour replaces all the layers 
of the wall of this tube, invading and destroying the lauscularis and 
also the mucosa, through which it ulcerates, presenting internally a 
free surfu(te covered with necrotic debris and haemorrhagic exudate. 
The oesophageal lumen remains as a narrow circumferential slit. 
The tracheal sections show that although this organ is surrounded by 
the tumour, no actual invasion has taken place, there being here a 
^veak encapsulation against the tracheal adventitia. The neoplastic 
tissue consists mainly of spindle-shaped elements resembling fibro¬ 
blasts, but associated with little collagen production. These cells 

276 





“ MIXEI>-CELLED ” SARCOMA. 


are aij-aiiged iu ill-defined and often loosely agg’rejjfated bundles 
wliicdi run in all directions. The stroma is rejjresented by scanty 
tliin-walled blood-vessels with which is associated a small amount of 
collagen. The tumour cells are intimately associated with a rich 
stroma of reticulum fibrils (as disclosed by the tw^o fibrillar stains of 
Mallory), and these react poorly or not at all with acid fuclisin. 
These fibrils form a lich network, of which the larger bundles run 
parallel with the cells, while the individual fibrils run in all direc¬ 
tions between the cells and a])pear intimately associated w'ith their 
(cytoplasmic borders. The tumour cells are mostly i)lump, spindle- 
shaped elements,^ whose boundaries are indistinct, but w’hich often 
ineasuie some 20/x iu length- llieir cytoplasm is rather large in 
amount and shows a very finely granular structure witli the phospho- 
tungstic acid liuemaeosin stain (nofibroglia fibrils being demonsti’able, 
although after long ])reservation in formalin and Kaiserling this 
would hardly be exjjecled). They have vesiculai*, oval to spindle- 
shaped nindei, in \vlnch one, two or three large nucleoli are prominent. 
The latter are often oval (e.g. 4*2 x 2-8 /a) and the n : N ratio may 
1)0 I ; ()-.). llesides tlie a])ove elements, there occur throughout the 
neoplastic tissue, but especially at its infiltrating edges (w’here they 
actually j)r("])ondcratc/, larger cells usually having a stellate shape 
but often also irregularly rounded and ly'ing ipiite free from tbeij 
neighbours. These elements present u distimdly bizarre appearance 
owing to the many distoited shapes which their nuclei are a])t to 
assume and to the great pr()minen(*e of their nucleoli. These dis¬ 
torted nuedei are coini(*ct<‘(l by a series of transitional grades w'ith 
the oval or elongate inndei of the spindle (ells, and all transitions 
between the two cell types occur. The large cells often measure 24;a 
in diameter (excluding tbeii ill-defined (*ytoplasniic piocesses, when 
present). Their nuclei vary much in size: most are irregularly oval 
()?' rounded, many are kidney-shaped and not a few* of bizarre angular 
or Juultilobate form; or they may be l)oomerang-sJiaped, lying very 
eccentrically in the cytoplasm: this eccentric position is associated 
with tile ])rest»nce of vacuoles in the cyto]>lasm, forcing the nmdeus 
to the j)erii)liery. There are »isuully one or two nucleoli, l)ul more 
may be vseeii; they are almost witliout exception greatly enlarged, 
and a great many of tliem show distinct cliauges in shape and stain¬ 
ing reaeliori: oval, jiyriform, and Y-shaped nucleoli are commonly 
seen. In many the staining is modified owing to a central rarefied 
area, which sometimes is so large as to occupy most of the bulk of 
the nucleolus (“ inclusions ”). Such vacuolated nucleoli especially 
are very large; they may measure 4'2/a in diameter, and the n : X 
ratio ivacdies I I '>*4. Two vacuoles may be seen in a single nucleolus 
or a numb(‘r of minute ones may be present producing a morulate 
app(nirance most aptly to be compared with that of a typical Negri 
body in iha nervt? cells of the dog. In a number cells the nucleolar 
material is blotchy, lightly staining, and seems to have fallen apart 
in a number of fragments of indefinite outline. Cells containing two 
or several nuclei may be seen, and the latter are often closely packed 
together, exerting pressure on each other; it is often difticolt to 
decide whether a cell has a single nailtilobed or fissured nucleus or 
multiple closely-crowded nuclei. The cytoplasm of the cells much 
resembles that of the more spindle-shaped elements. Its peripheral 
part is intimately associated wath a rich network of reticulum fibrils, 
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but itself shows uo fibrillar structure. In a nuinber of the cells the 
cytoplasm appears more dense and opaquely staining?’. Occasionally 
a phagocyted cell (e.g. lymphocyte) may be seen within this cyto¬ 
plasm, Mitoses are frequent at the growing edges and many of the 
figures are abnormal (triasters, giant chromosomes). Among the 
larger, bizarre cells the mitotic figures and abnormalities are espe¬ 
cially frequent. The mitotic index is 2. The tumour is throughout 
infiltrated by lymplmcyies and pseudoeosinophils, and large areas of 
haemorrhage and ne(‘rosis occur. 

Rmrmths ,—According to the mihdic. counts tin's oesophageal 
tumour is the most rapidly growing of the mixed-celled ” sarcomas 
we have enconniered. Here again Ave have a mixture of spindle cells 
(in this case nearly all more or less modified from the fibroblast type 
and but little concerned with collagen production) with stellate and 
amoeboid cells showing cytophagocytic and li])ophagocytic funcUons 
and at the same time associated with production of reiic*ulum fibrils. 
These bizarre cells a])pear to constitute the more rapidly growing 
part of the tumour tissue. Tumours of the oesophagus may be con¬ 
sidered an unusual disease in animals, with the exce])tion of the cat 
(Gray, 19d5) and possibly the fowl. 

Diagnosis, —Mixed-celled ’’ sarcoma (of almost purely histio¬ 
cytic type) of the oesophagus. 

Case 9 (Fowl 5128). 

This specimen, which may be more briefly menlioned, consists 
of portions of the gastro-intestinal tract and liver only. The intestine 
bears very numerous nodules attached to the serosa and varying in 
size from a pin-point to 5 cm., often forming diffuse masses by con¬ 
fluence. The gizzard shows, externally, similar growths. The liver 
appears normal. 

Microscopically there are noii-encapsulated, neoplastic! growths 
wdiich may almost completely surround the bowel. In a section 
passing through the duodenal loop, the tumour is seen to unite the 
two limbs thereof and to invade the pancreas betwwn them. Ex¬ 
ternally the growth appears to he naked, internally it grows diffusely 
in the suhserous tissue of the bowel and may be limited by the longi¬ 
tudinal muscularis, or the latter may in parts be invaded and 
destroyed. The inner muscular coat is alw^ays intact. The tumour 
tissue consists in large part of spindle-sha^ied cells but there is a 
large admixture of irregular large cells with ill-defined cytojdasmic 
limits, irregular nuclei with one or two nucleoli which are often 
extremely prominent: a cell having a n I N ratio of as mmdi as 
1 ;]*5 was observed. Collacren fibres are poorly developed, but 
fibrils pervading everywhere between the cells stain for reticulum 
and the gathering of these into bundles gives a false alveolar appear¬ 
ance. In many places there are degeneration, oedematous changes, 
and haemorrhage. The gizzard tumours are similar. 

Diagnosis, —Multiple transcoelomic implantations in the bowel 
and gizzard serosa of .a ‘‘ mixed-celled sarcoma from an unrecorded 
primary. 
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Case 10 (Fowl, ViObl). 

The liver is affected by Jiiultiple, small, uiieucajisulated foci of 
whitish colour, varyiiif^ from *5 mm. to 5 mm. in diairieter and irre- 
g’ularly rounded in shape. Some have a fairly well defined margin, 
others show a darker reddish zone at the periphery. 

Microscopically, these scattered foci are seen to grow’ destruc¬ 
tively in the liNer tissue, infiltrating the parencdiyma at their margin, 
where there is often a “ reaction zone ’’ of lymphocytes and plasma 
cells. This n(M)j)lawstic tissue consists of cells of very irregular size 
aJid shape, disj)ei‘sed in an intercellular stroma w’hich is partly 
collagenous but chiefly reticular in nature. The cells vary from 
spindle-s]ia]jed elements resembling fibroblasts to stellate and poly¬ 
gonal elements ot bizarre morphology, the latter being in the 
majority. These cells are characterised by their large size (up to 
IoO/a) and by deeply staining (deej) mauve with haemalum-eosin) 
cytoplasm. The nuclei are most varied in size and shape: oval, 
elongate, irregularly rounded, kidney-shaped and often quite irre¬ 
gular and bizarie, with lobation and irregular angular outlines. They 
are of vesicular type. There are one or two nucleoli visible and in 
most of the cells they are clearly enlarged, and may sliow a cential 
rarefaction, thus api)earing ring-shaped. Tlie n ! N latio is often 
1 ! 1) to 1 ! 12 and reaches 1 ! 3: but in the majority of the cells it is 
about 1 : 20. The largest nucleoli measure ra. S/x, actually one 
ineasuring 13/i was recorded. They are sometimes blotcliy (ind of 
irregular shajie— much elongated; sometimes this elongate ap])earanco 
a])|)ears to be <‘aused by the fusion of two nucleoli. The nuclei of 
the large polygonal elements are usually most eccentrically located. 
Bi- or tfdra-nmdeate cells are often seen. The cytojlasm may sliow 
a number ot small vatmoles or a single large one, staining for fat. 
These large vacuoles cause considerable distortion of the nuclei by 
])ressu7e. 

Dlftf/nosis. —Haematogenous hepati*- metasiases of “ inixed- 
celled “ sarcoma, in this case almost ])urely of histiocytic type 
(])rimary not recorded). 

Dlsrusslon f>f fhf Pnthohtf/if and Natinf' of the so-ralled 
“ Mi.vcd•'Celled ’’ Sarcoma in the Bird, 

From the observation that in four out of eight cases from wdiich 
primary tumours were submitted, the ovuiy was the seat of the 
piimary and that in three further cases trauscoelomic implantations 
to the bowel and mesentery w^ere submitted, we may conclude that 
in fowls the ovary is the organ most commonly affected. The ovarian 
tumours usually give rise to peritoneal im])laiitations and in all cases 
haematogenous metastases may occur (liver, spleen, kidney, muscula¬ 
ture, ejucardium). Most of the tumoui's w’ere slowdy grow ing and had 
a mitotic index of less than 1. In their most rapidly growing jmrtions 
an index of 3 is exceptional and w^as recorded in one case only. Three 
cases of the disease w’ere complicated by leucosis (mj^eloid type twdee 
and lymphoid tyjie once). The tumours are often very haemorr¬ 
hagic, causing (by their erosion of blood-vessels) extravasations of 
blood into the neoplastic tissue. These haemorrhages may be pro¬ 
minent to the naked eye and in the cases of abdominal sarcomatosis 

279 



CONNECTIVE-TISSUE TUMOURS. 


often serve as an important differential criterion from carcinomatosis, 
a disease which has usually a very similar distribution in ovary (or 
oviduct), mesentery, and bowel serosa. Of further importance in the 
naked-eye differentiation from carcinomatosis are the haemato^enous 
metastases common in sarcoma and rare in the reproductive-tract 
(‘.arcinomas of the bird. 

We have assumed for purposes of descii])tion that the so-called 
‘‘ mixed-celled ’’ sarcoma of the bird is composed of a mixture of 
two neoi)lastic cells whose jirototj^pes are the fibroblast and ihe 
ina(!rophage (histiocyte) respectively. This attitule may be justified 
by the following considerations:—From the work of Carrel and 
Ebeling (1922, 1926) and Fischer (1925) know that the avian 
macrophage can readily transform into the fibi^oblast, and the close 
relation of these tw’o types is further shown by the observation that 
in the histogenesis of the lions sJircoma the macrophage or histiocyte 
plays an important or exclusive part (Haddow, 1933). Further, on 
general theoretical grounds, the fixed histiocyte is to be considered as 
a modified fibroblast type, differing from the fibroblast in its tendency 
to be stellate instead of spindle-shaped, to produce reticulum (or 
pre-collagenous) fibrils rather than collagen fibrils and in playing an 
important role in the production of phagocytic free elements (free 
histiocytes, macrophages, polyblasts, clasmatocytes) as well as the 
free cells wdiich constitute the precursors of the elements of the 
blood. It is not surprising then that in tumours should be found all 
transitions between these two types, and the cells actually seen in the 
neoplastic tissue may be compared wdth three normal elements of 
the body: the collagen-producing fibroblast, the reticulum-produc¬ 
ing fixed histiocyte, and the phagocytic free histiocyte or macro¬ 
phage. In the tumour tissue these types are observed respectively as 
spindle-shaped cells producing collagen and tending to be arranged 
in bundles, anastomosing stellate cells closely associated with a 
fibrillar reticulum and already having phagocytic properties, and 
amoeboid elements characterised by active phagocytosis wherever 
material to be phagocyted exists :' viz. (a) in the ovary, where the 
destruction of the Graafian follicles results in the setting free of 
yolk in the tissue, in the subserous fat deposits, and in the liver, in 
all of which regions the invasive growth liberates much lipoid mate¬ 
rial, the lipophagy reaching projmrtions where the tumour cells may 
come (superficially) to resemble fat cells; and (h) wherever infil¬ 
trating cells are present in the tumour tissue, e.g. following necrosis 
(which is common) or a reaction zone at the margin of the 
advancing neoplastic elements: here opportunity occurs for the neo¬ 
plastic cells to display their capacity for cytophagocytosis, and 
granular leucocytes and lymphocytes are commonly to be seen en¬ 
closed in cytoplasmic vacuoles and in all stages of digestion from 
still recognisable and identifiable leucocy+es to amorphous acido¬ 
philic inclusions. This functional characteristic alone allow^s one 
with accuracy to speak of the neoplastic elements as macrophages, a 
terra which denotes those cells which are active in phagocyting large 
particles, whether of organised or unorganised nature. Besides these 
features, there are others, including the large size of the cell (up 
to 150/x), the dense cytoplasm, the conversion into foamy ’’ cells 
through lipophagy (cf. the foam cells in chronic inflammatory 
reactions), the pleomorphic and often eccentric nuclei, the tendency 
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to form multiimoleate giant cells (corresponfling with the non-neo- 
X)la8iic ‘‘ foreign body giant cell ” deiived from tlie macrophage or 
“ epithelioid cell), and the obviously mobile and amoeboid nature 
(deduced, of course, from the a])pearance in fixed tissue sections) 
which are irresistibly reminiscent of the free histiocyte (macrophage 
or clasmatocyte). Between the spindle-shaped collagen-producing 
cells, the stellate reticulum-forming or already phagocytosing (iells, 
and the amoeboid ])hagocytic cells of these tumours there 
are of course all traiisitional grades. And from the ciicumstance 
tJiat the orderly jirocess of this differentiation which characterises 
normal tissue is disturbed and the development of the one function 
(e.g. phagocytosis) may not be preceded by the loss of another (e.g. 
the collagcji-produfting fiimdion), we are able to observe large phago¬ 
cytosing and even amoeboid cells whose cytojdasm still retains the 
iunction of producing collagen. This observation is of tlie greatest 
iinjiortaiu'e, allowing one to study the development of collagen in a 
more advantageous manner than is the case when the non-neoplastic 
filuohlast (either in emljiyonic, regenerative, or cultured tissue) is 
•studied. In the ty})ieal fibroblast, in other words, the cytoplasm is 
lelatively small in amount and much drawn out, so that it is by no 
means easy to decide whether the collagen fibrils are deposited in 
the edge of the cytoplasm or actually between the long, narrow cells. 
Thi.s difficulty has been resi)onsible for a controversy regarding the 
intracellular or inter(‘elhilar origin of collagen. In the large tumour 
cells, however, not only are circumstances more f^i von ruble to observe 
that actually the perijiheral portion of the cytoplasm may become 
transformed into collagen, but—and this is still more convincing— 
the disturl)ance in the cell may apparently result in a disorderliness 
or perhai)s a re-arrangement of the cytoplasm whereby the fatmlty 
of transforming into collagen no longer remains a prerogative of its 
peripheral jmrt: in consequence one can observe all stages in the 
development of collagen within the deep parts of the cytoplasm. 
Being now unable to escape or separate from the cell into the iiiter- 
(‘.elliilar tissue, the iiewly-forined collagen forms rounded intracellular 
globules instead of fibrils. The phenomenon might he described as 
au abortive matrix formation—the development of the collagen being 
both inispla(*ed and mistimed with reference to cell-economy. 

The further jiotentialities of the connective-tissue cell type may 
he shown on occasion by a myxoid transformation of parts of the 
neoplastic tissue; and in one case some of the haeniatogenous 
metastases laid down chondromurin, and then grew as tumours which 
histologically corresponded with choiidrogeiiic sarcoma (although not 
ty])ical of the majority of such tumours); or they were com]Mhsed of 
less differentiated “ round cells ” having much the morphology of 
the lyni])liocyte. 

From the standpoint of ]iractic4il diagnosis, it is to be emphasized 
that the tendency seen in some of these tumours, whereby bundle.s 
of spindle-cells alternate with groups of the large macrophage-like 
cells, is not to be mistaken for an alveolar growth leading to a diag¬ 
nosis of carcinoma, as happened in some of the.se cases in the routine 
examination. Familiarity w’ith the appearance of the neo])lastic 
macrophage and the demonstration of an intercellular reticulum 
between them wdll easily allow this mistake to be avoided. Further, 
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especially when only metastatic lesions may he submitted for diag¬ 
nosis, the bizaire nature of the cells in the spleen and the liver 
secondaries may be very puzzling to those not familiar with the 
transformation described, while extreme lipophagy, especially in 
subserosal imidantation se(*ondaries, might easily result in an 
erroneous diagnosis of lipogenio sarcoma: one must, as Borst (1902) 
has pointed oui, distinguish between an essential tendency of the 
cell cytoplasm to differentiate fat, and a phagocytosis of pre-existent 
neighbouring fat globules, although morphologically the final resiilts 
of these two very different jirocesses may appear verj’^ similai’. 

Regarding the question of nomenclature it is obvious that the 
<^erm “ mixed-cell sarcoma ’’ is expressive of ignorance regarding 
the nature of the cells. If it is accepted that the admixed (‘ells are 
of two chief ty])es—the fibroblast and the macroj)hage —with the 
transitions between them, then these tumours should fall into line 
nomenclaturally with the term fibroblastic sarcoma: they would then, 
in precise nomenclature, be called ‘‘ fibroblastic and inacrophagic ’’ 
sarcomas; or, better, ‘‘fibroblastic and histiocytic^* sarcomas, the 
latter term having the advantage of indicating that the histiocytes 
may be either fixed cells associated wuth production of reticulum 
(fixed histiocytes or reticulum cells) or free phago(iytic elements (free 
histiocytes, macrophages, clasmatocytes, or jiolyblasts of Maximow). 
One is, in fact, embarrassed by the variety of terms which have been 
used to describe these fixed and free cells in histology and pathology; 
but the term macrophage is at present in favour and is probably the 
best one to apply in the present state of our knowdedge, “ Histio¬ 
cytic ** is a word very suitable to denote the one entity of these 
tumours, since other sarcomas are also termed according to the 
functional capacity of their cells (fibroj)lastic, osteogenic, etc.). On 
account of the length of the term “ fibroplastic and histiocytic ** 
it may, on the other hand be convenient to use merely the term 
histiocytic sarcoma, it being understood that fibroblasts may also 
be expected to be present, or to retain the term “ mixed-celled ** as 
a convenient short designation: provided that its meaning be clearly 
understood, there can be little objection to it. The main point that I 
have tried to make is that the pleomorphic nature of the cells of these 
tumours is not to be interpreted as a mere anaplasia on the part of 
fibroblastic cells. On the contrary the transformation parallels the 
differentiation-potentiality of their non-neoplasti(j prototj^'pes and is 
in fact the reflection, in neoplasia, of a “ purposeful ** or economic 
process in the organism. Anaplastic changes (nuclear and nucleolar 
distortions, etc.) it is true are more in evidence in the neojdastic 
macrophages than in the neoplastic fibroblasts, but such (dianges are 
to be distinguished so far as possible from the distortions of shape 
resulting from exc'.essive phagocytosis and from the pleomorphism 
which is characteristic of the non-neoplastic macrophage as w^ell; 
that the true anaplastic changes mentioned are more evident in the 
macrophages than in the fibroblasts is apimrently referable to the 
fact that the former cell type tends to constitute the more actively 
growing (“malignant”) parts of the tumour, as is seen by its 
frequent predominance at the growing edges of the tumours and in 
the metastases. 
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4. Mywofjenic !>iircorii4i (Myxosarcoma). 

The collection contains two exam])les of this tumour, one affect- 
in»‘ the paranasal sinuses of a bovine (11048) (see Fi»‘. 129) and one 
situated in the ovary of a fowl, and producing** im})lantations on the 
serosae. It may be remarked tliat not a liitle difficulty was 
experieiice<l in sej)arating myxoma and myxog-enic sarcoma, 
especially in the bird. Tumours described as myxomata are usually 
relatively acellular; yet in our collection all gradations of cellularity 
exist, and what is surprising is that these degrees of cellularity are 



Fig. 129.—Structure of myxoplastic nart^oma of the paranasal Binuses of an ox. (11648» 

240 X). 

not necessarily reflected by the mitotic counts; e.g. mitoses may be 
present in a relatively acellular myxoma, and in densely cellular 
tumours mitoses may be impossible to find. The degiee of cellularity 
of course de])ends on the quantity of the mucinous matrix, but this 
apparently is not an infallible criterion of the rate of growth. A 
not dissimilar problem tas been mentioned under the heading of 
lipogenic sarcoma, where it was seen that cellularity and incomjdete 
fatty differentiation do not necessarily denote a malignant tumour 
(lipogenic sarcoma). The problem of discriminating myxoma and 
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myxogenic sarcoma is made none the easier by the fact that (in the 
bird) the myxoma may lack a specialised capsule and that neither 
tumour is likely to give rise to true (haematogenous) inetastuses. 
One has to rely, in the last resort, on the demonstration of actual 
infiltrative growth in the case of myxogenic sarcoma, rather than 
on the histology and cytology. lVj)ical cases are, of course, easily 
distinguished. 

5. Chondrogenic Sarcoma (Chondrosarcoma). 

This tumour is not represented in the Onderste])oort collection. 
It will be remembered however that in one case in the fowl (15100) 
sul)epicardial metastases of mixed-celled sarcoma grew as chondro¬ 
genic sarcoma. 

6, Osleogenic Sarcoma (Osteosarcoma). 

This disease was encountered only in the domestic carnivores, 
affecting the humerus of a dog (12754)—see Fig. IJIO—and the hock 
of a cat (14067). 



Fio. 130.—Osteogenic sarcoma of the humerus of a dog. (12754; 1/3 X). 
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Tumours of Endothelium: Angiogenous Neoplasms—Angioma 

and Endothelioma. 


Nomenclatuhe. 

There is perhaps no oroup of tiiinours in which the terminology 
has been more loosely a))plie(l aiul whose scope has been so varioUvsly 
inlerpreled as ihose characterised by the ijresence of endothelial 
cells. It is unnecessary to trace here the variations which the con- 
ce])lion of tlie term endothelioma has undergone from time to time 
and in the hands of different authors. The advisability of excluding, 
as is done in this work, the mesotheliomas from this group of tumours 
has been discussed in Chapter YT. llegarding |he benign lumouiN 
ot endothelium in animals, the older literature contains many 
rejjorts ot the (‘ondition, so very frequent in bovines, which we nov 
regard as a multiple telangiectasia of the liver, not a true neoplasm. 
These lesions will also not be discussed here. Similarly, enlarge¬ 
ments ot pre-existing lymph-vessels may he contused for true tumours 
and ill towls we have encountered fairly often cases of multiple 
cystic lymphangiectasia of the serosae which are likewise to be dis¬ 
tinguished from true neoplasms. 

Many terms at present in use to descrilie the members of this 
group of liunours are most unsatisfactory, either on account of their 
construction or because they are used without precise definition. The 
name “ angioendothelioma ” (like “ fibrosarcoma ”, “ adenocarci¬ 
noma ”, etc., etc.), is suggestive of a mixed neoplasm and is further 
undesirable because there is no general agreement as to whether by 
the prefix “ angio-” is denoted that the tumour in question is of 
angiogenous origin or merely whether it grows angioplastically. One 
searches many individual works in vain for a clear statement by the 
authors regarding their meaning in this connection and although 
Borst definitely states that by the prefix “ aiigio-” is denoted a vas¬ 
cular oriijin, it is almost universal in the English literature to find 
that the term is used in a purely histological or descrijdive sense. 
In practice such distinction often has little inqmrtance, for the reason 
that most angiogenous tumours reflect their origin in their capacity 
for angioplasia and it is doubtless this circumstaiu'e which leads to 
lack of clarity in the use of the term “ angicjendothelioma Yet 
solid or chiefly solid endotheliomas occur which are apparently of 
angiogenous origin and to separate such from the “ angioendothe- 
liomas ” which differ only in the degree of differentiation is highly 
misleading. 
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All approach to an ideal classification of the jjm)up of tumours 
characterised hy the presence of endothelial cells as an essential part 
of the neoplastic tissue seems to me to be the following?: — 

A. Angiogenous neoplasms: — 

(1) Angioma(^) (benign). 

(2) (Angiogenous) endothelioma: 

(a) Angioplastic(*). 

{b) Solid. 

(r) Mixed, i.e. parfi/n an(jioplastictnji{^) et partim 
solidnm, 

B. Non-angiogenous neoplasms: — 

(1) Dural endothelioma(*). 

(2) Coelomic endothelioma (better classed sei)ara1ely 

as mesothelioma). 

Angioma. 

1. Haemangioma. 

Only two cases of haemangiomata were encountered. Feldman’s 
(19^12) review of the endothelioblastomas indicates sufficiently the 
relative frequency in the dog of angiomas on the surface of the body. 
Both our cases affected the skin of dogs, the lesions being situated in 
the tibial (Canine, 15102) and hip (Canine, 12062) regions resj)ec.- 
tively. The literature contains no re])orls of haemangioma in other 
domesticated species, and my own experience bears this out. Other 
lesions previously diagnosed as haemangiomata are not included heie. 
They comprivse many cases of capillary telangiectasia of the liver of 
bovines, which are no longer considered as neoplasms; a case of 
venous varicosity and thrombosis affecting the oviducal ligament of 
a fowl (7192) wdiich had been diagnosed as a cavernous haemangioma 
but which I did not consider to*represent a neoplasm; and cases 
which on re-examination were considered to be augioplastic endothe- 
lioniata, which wull be described under that heading. 

2. Lymphangioma. 

Four satisfactory examples of this uncommon lesion have been 
encountered. [Dr. A. D; Thomas of this Institute has, in an unpub¬ 
lished work, recorded multiple tumours(.^^) of the skin of bovines, 
apj)earing in a herd on an ajiparently hereditary basis ((congenital 
lymphangiomata?) The lesions were characterised by (opious w'eep- 
ing ’’ of a lyinph-like fluid, but the material obtained (under condi¬ 
tions of difficulty) at biopsy for histological study was inadequate and 
the clinical diagnosis could not be confirmed w’ith any certainty.] 


(1) To this term the qualification “ haem ”—or “ lymph ”—may be prefixed 
to indi(^'itc that blood- or lymph-vessels respectively are referred to; further 
it is usual to indicate by one of the qualifying terms »implex ”, caucr- 
nosum ”, or ** eysiicum ” whether the iumina which are formed are of capil¬ 
lary, venular, or still larger (dilated) dimensions respectively. 

Here again ‘‘ haem ”—or “ lymph ”—is prefixed. 

(3) The existence of this neoplasm as a non-angiogenous tumour is doubtful. 
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Siicli tiunours are well known to be very rare. Feldman encountered 
none in Lis material, and he does nol comment on the morphological 
features of these j:»Towths in domestic animals. Some cases are 
recorded in the literature in horses, by Bernadini (1900 and 1909), 
by Nocnrd, cit. Folger (1917), and by Markus (190d); in the 
dojr one case an as described by llieronymi and one by MedAA’edeAv 
(1910). All were subcutaneous in position except the case of Markus, 
in wdiich the ])leura and pericardium of a hor>e were affected. 

In vieAA’ of the rarity of these tumours it is interesting* that at 
least tour cases liave oc('urred in South Africa. Tu neither the mule 
nor the ox, in which sj)ecies (in addition to the horse) these lesions 
are here re])orted, could rejiorts of lymphanj?ionia be traced in the 
literature. 

Case 1 \Equi)}e (.l/?//c), 15537J. 

This s])ecimen consists of a globular tumour, nieasurino* cn. 10 
inches in diameter, removed from the flank of a twel\'e-year-old 
mnle. It Avas reported to have been gradually enlarging over a 
})eriod of 7 years. It ('onsists of a numher of larger and smaller 
cystic caAuties filled Avith AAhitish fluid. 

Mi(‘roscopically, thicker and thinner branching septa of colla¬ 
genous tissue carrying blood-vessels are arranged to enclose larger 
(3 to 4 nun.) and smaller (150/*) cavities filled with lymph and lined 
by endothelial cells shoAving no morphological de])artures from the 
normal cytology of such elements. ()ccasional erythrocytes occur in 
the contained lymph. The whole mass is well circumscribed and 
thinly encajisnlated. 

Ihat) tiosis .— Tiyniph angi oma cavernosum. 

Ca^sf *2 (Borine, 12040). 

In this case the cite avus not stated. The microscopic findings 
were identical Avith the above. 

Diagnosis ,—Tiymphangioma cavernosum. 

CV/.vc 3 (Eqtfin(% 8045). 

The s])ecimen consists of a flattened, oval growth smoothly 
covered by serosa and broadly attached to the costal pleura of a 
horse in Avhicli no other neoplasm Avas found at auto])sy; the ])rimary 
nature of the lesion is therefore well attested. It measures 2*5 <‘m, 
in diameter and is raised -5 cm. above the surroiinding pleural 
surface. 

Microscopically (Figs. 131 and 132), a Avell-developed col¬ 
lagenous stroma demarcates irregularly rounded or polygonal lobules 
or streak-like tracts which lie irregularly dispersed in the connective 
tissue of the thickened subserosa of the pleura. The jiarenchyma is 
composed of flattened cells which are closely associated with reti¬ 
culum fibrils and also Avith a very variable amount of collagenous 
tissue. In most of the lobules these cells are clearly arranged as a 
lining to lumina which are filled with lymph, but the degree of 
lumen formation varies greatly in different lobules and even in 
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Flu. 131.—Lymphangioma of the costal pleuiu of the horse: Capillary and, predominantly^ 
cavernous types of growth. (8045; 110 X). 



Fio. 132.—-Another part of the lymphangioma shown in fig. 131; Lumina less well developed, 
giving a partly solid and partly capillary type of growth. (8045; IlOx). 
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different parts of one and the same lobule. Thus all transitions can 
be traced between (//j solid sjiroutino* strands of cells w^liich appear 
ofien to be burrowing- their way into the adjacent stroma (Fig. 132), 
(h) the formation of many closely set lumina ol capillary dimensions 
(e.g. 7 to 10/0 (Fig. 132), and (c) areas where much larger lumina 
predominate (Fig. 131) and which are associated with a greater 
amount of collagen formation and a lesser degree of prominence of 
the eiidothelial-lihe lining elements. The cells, which may measure 
some 20/4 in diameter, have oval, amblychromatic nuclei which are 
larger and less regular in outline in the ])arts where lumen-formation 
is more rudimentary: in such ])arts also the nucleoli reach larger 
dimensions (e.g. n I N - 1 .* 16) than in the less active portions of 

the tissue, where the nucleoli are comparatively iiK^onspicuous (e.g. 
n I N -- 1 ! 2o) although larger than those of normal endothelial 
<'olls and distinctly acidoj)hilic. The neoplastic tissue is covered 
superficially by a thickened subserosa which contains many some¬ 
what dilated lymph-vessels not a|)parently of neoplastic nature, but 
often difficult to distinguish from the more outlying vascular units 
of the neoplastic islands: the apjiaraiu'es are (insistent with the 
derivation of the tumour from the lyin])hatics of the jdeura and no 
continuity can be traced to the unbroken and non-mobilised nieso- 
t helium. 

RvnutHiii .—This neojdasm, while clearly ot angiogenous nature, 
might occasion diffi(julty in deciding whether the term angioma 
should be apjilied to it or wbetlier it should rather be regarded as 
the lympbaiigiogenous counterpart of the baeniangioplastic and ])artly 
solid haemangiogeuous endotheliomas to be discussed (cf. especially 
the iiorcine case—Case 1). The degree of cellular anaplasia (includ¬ 
ing the somewhat enlarged nucleoli) in parts might indeed be held to 
warrant a diagnosis of endothelioma; but in the absence of mitosis 
and of a clearly invasive growth-tendency the tumour is better termed 
ail angioma. Although areas of “ solid ” growth are prominent, it is 
apparent that these parts represent budding iieojdastic ca])iliaries 
which are destined soon to acquire lumina and that the usual criterion 
used ill distinguishing endothelioma from angioma, viz. ]iredoininaiice 
of cellular imilifeiation over angiojdasia cannot be said to oiierate 
in this case. The jnincijdes of this differential diagnosis are dealt 
Aiitb at greater length in the discussion of the endotheliomas. 
Jiymphaiigioina ot serous membranes is to be (‘(uisidered as a rare 
neoplasm of iloinestic animals; a case has already been re])orted by 
Markus (1904), the subject also having been a horse. One should 
here recall the discussion on the classification of tumours of the serous 
membranes in Chajiler YI, where was pointed out the necessity of 
avoiding the use of the term “ endothelioma '' whereby to designate 
neoplasms of mesotheliogeiious origin. Ify calling such tumours 
mesotheliomas one is able clearly to distinguish them from neoplasms 
such as the one we are now dealing with, which although also primary 
in the serosae have nevertheless an entirely distinct histogenesis, 
viz. from vas(‘ular endothelium, and to which the term angioma or 
endothelioma may therefore be fittingly apjilied. 

Diagnosis ,—Lymphangioma {parfim simplejc et partim caver- 
nosum) of the pleura. 
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Case 4 (Bovhie, 3589). 

The si)ecimen (see Fig*. 133) consists of very numerous tumours 
situated on the thoracic surface of the diai)hragm. They vary from 
single, pinhead or pinpoint sized, scarcely visible, solid, greyish, 
flattened nodules, of irregularly circular to elongate-oval outline, to 
larger aggregations (up to 6 cm. across) composed of both solid 
nodules and pedunculated, transi)arent, thin-walled cysts measuring 
some 1-5 cm. in diameter; solid nodules and cysts are intimately 
intermingled in these large plaques, and they ar^ flattened by 
pressure and their circumferences separated by deep clefts. Apart 
from the cyst-formation, these lesions bear a distinct resemblance to 
those of case 7 (to be described). The smallest solitary nodules are 
raised 1 to 2 mm. above the surrounding surface, the somewhat 
larger ovoid ones up to *5 cm. There are also a few isolated, larger, 
solid nodules measuring as mucli as 1*5 cm. in diameter and raised 
'75 cm. above the surface. All the lesions are smoothly covered by 
the serosa. 



ri( 3 . 133.—Multiple simple and cystic lymphangioma of the diaphragmatic pleura of the 

ox. (3589; 2/5 X). 

‘ ♦ 

Microscoincally, the solid lesions are composed of long, thin, 
imrallel strands of cells having the morphology of endothelials and 
intimately related to the connective-tissue fibrils which intervene 
between the adjacent strands. These strands are often two cells in 
width and are partly .solid and in other i^arts excavated to enclose 
small lumina of capillary dimensions. Or liinien formation may be 
more prominent, and lymph-containing cavities varying from 7 /a to 
40/x in diameter are lined by more flattened or by plumper cells of 
the same ty])e. There are all transitions thi’ough nodules composed 
largely of cavernous endothelial-lined spaces to the large cystic 
lesions described macroscopically. In the solid parts collagenous 
tissue preponderates over the cell strands which it separates, in the 
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cavernous i^arts thin (*()llag*enous sei)ta lined by the flattened neoplastic 
cells separate the lymph-containing luinina. No mitoses were seen, 
and the nucleoli are minute (1 : 25 to 1 : 60). There is no continuity 
of the tumour tissue with the overlying, intact mesothelium. 

y^c7/?r/r/A\—The lymjdiangiogenous origin of these multiple 
lesions is obvious from their histology and cytology. The only 
difficulty arising in diagnosis is whether the neoplasm is more aj)i)ro- 
j>riately to be termed lyuii)hangioma or lymphaiigiogenous endo¬ 
thelioma. Ill favour of the former are the absence of mitoses and 
the lack of nucleolar enlargement. And although in these tumours 
there might be thought, to be a ])reponderance of cell-multiplication 
over lumen-formation, no invasive growth is demonstrable and the 
multiidicity is o})vioiisly a ])rimary fjiie. 

Diagnosis, —Multij^le lym]»hangioma (partIm partim 

cavcrvosvm, el parlim ri/stictnn) of the diaphragmatic ]deura. 

Angiogenous Endothelioma. 

All endoiheliomata encountered in this country have been of 
angiogenous origin. Dural endotheliomas have not been encountered 
and aie ])ossil)ly the rarest of tumours of the domesticated animals, 
only one case described under that name being re(‘orded in the litera¬ 
ture (Stadler, 1915). [Tm’o cases of ‘‘ ^isammona '' are also quoted by 
Joest. In neither of these, however, was an eudothcdial origin con- 
sider(‘d. In man, meningeal “ ]isammonas are considered to 
represent hyalin-degenerated and calcified endotheliomas (Kw’iug), 
but the jmsition with regard to meningeal sarcomas in both man 
and animals is very obscure]. It is of course by no me^ins certain 
which dural endotheliomas may not be angiogenous in origin; i.e. it 
is not certain that any of these neoplasms actxially arise from the 
meningeal endotholia (as urged by Kngert, 1900); and it is possible 
that, on the other hand, they arise from lymphatic endothelium, 
or even, in certain cases, from rests of embryonic vasoformative cells 
(Albrecht, 1902). Veritoneal, pericardial, and })leural “ endo¬ 
theliomas ’’ arising* from the coelomic lining cells have in this study 
been classed se|)arately as mesotheliomas. And it is ])ossible that 
dural endotheliomas wdiich can be shown to have arisen from the 
lining cells of the dura should be classed with them; for Maxiiuow 
(19W) is of o])inioii that these elements represent a mesothelium 
homologous with the lining cells of the coelom. 

From the angiomas, coui]Hised of neo])lasti(‘ blood-vessels, must be 
distinguished (malignant) tumours of endothelial cells considered to 
arise from the lining cells of vessels. When these are highly angio- 
plastic, mu(*h the same judgment is to be used in distinguishing 
them from the (benign) angiomas as has to be used to discriminate, 
e.g, fibroma from highly fibroplastic sarcoma fibrosarcoma ’’). In 
other w’ords, my plea is that this terminology should fall into line 
with that in use for the connective-tissue or epithelial neoplasms, to 
give us benign tumours—angioma, fibroma (or e.g. osteoma) and 
adenoma; contrasted with malignant tumours of the same general 
ap])earaiiee, viz. angioidastic endothelioma, fibrojdastic (or e.g. 
osteogenic) sarcoma, and adenoid carcinoma. One objects as much 
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to the use of the terui inaligiiaiit aii^»ioum as to “ inalif?nant 
adenoma ’’ or malij>'Jiaiit fibroma The last lerni is, fortu¬ 
nately, not used but it is no more unsuitable or oonfusins: than the 
two former. 

In considering* the endolheliomas in the collection it is very 
difficuit, if not imi>oSisi1)le, to carry out a rigid seimration between 
those that are solid and those that are angioplastic. Most grow in 
both fashions; where one type of grow^th clearly i)redominates, I have 
used the terms angio])lasti(! or solid as the case may be. Several 
may be classed as partly angioplastic and ])artly solid, and by this 
is iiot meant merely that ])ortions of the tissue are more comi)a(‘t 
while in others lumina are more easily recognisable: for in the 
growth of endotlielial cells, whether neojdastic or non-iieoplastic*., it 
is well known that liunen-formatiou occurs secondarily in sprouts 
which at first are solid; for this reason, one may expect to find in the 
juore rajudly growing portions of an endothelioma, neojjlustic cells 
wdiich, although growing in solid formation, are later destined to angio- 
})lasia. The term “ solid ’’ is, strictly sjamking, to he ajijdied only 
to those tissues where the compact form is considered to be a per¬ 
manent growth mode, not a temporary condition dejieiiding on the 
youth of the newly-formed tissue. 

Our cases of angiogenous endotheliomas are eight in number and 
they are found to fall into the two categories “ aufjloplasticuith ” and 
partivh soJiduvi et parfim No purely solid 

tumours were encountered, but in five cases the solid ]nnts greatly 
predominated over the vessel-forming parts of tlie tissue; and in one 
of these it w’as not until a number of sections had been cut that 
portions were encountered showing a tendency to angioplasia. Both 
of the ])urely angioplastic tumours were of the haemangioj)lasti(‘ 
variety. Of the six mixed types, two were considered ])artly solid 
and partly haemangioplastic, one was predominantly haeniangio- 
plastic with solid areas, and the other tliree partly solid and 
jiartly lymphangioplustic. The histological giadation from a 
high degree of angioplasia to solid tissue which over large areas 
completely lacks signs of angiojilasia, leads one to believe it likely 
that angiogenous tumoxirs of domestic animals might be encountered 
which are purely solid in type. As Piney (1920) has remarked, not 
all jiarts of every haemangioma show the develo])ment of obviously 
vascular channels; some areas may be composed of c()m])nct masses 
of cells And Fraser (1920) urges that the idassification of 
^ haemangiomata ’ should depend on the variety of histological struc¬ 
ture, and more especially on the density of its structure he has 
described (in man) compact (solid) varieties of endothelioma w^hich 
result according to him from the endothelial cells lining the units 
of the angioplastic (capillary) type of tumour taking on 
active proliferation To put it vshortly, angiogenous origin 
might not always be reflected in angioplasia; and in some 
of our tumours signs of angioplasia have been hard to 
detect. Piney indicates further that the degree of angio¬ 
plasia is not a measure of the benign nature of the 
tumour and with this we are to some extent in agreement: circum¬ 
scribed and encapsulated tumours on occasion may be found to be 
very compact, while infiltrating tumours may be more angioplastic. 
This need not surprise us, because we are already familiar with the 
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(lunger of esf iinalijip: tbe de^^ree of malignancy of a lumonr l)y any 
single criterion. 'NA'e know A\ell, for example, tliat saKiOinuh with a 
jn'oniinent tendency to fil)ro])lasia may sometunes prove iiiore malig¬ 
nant than nioie cellular tumours, that even fibromas Juay sometimes 
be very cellular, that to attemj)! a distinction between myxoma and 
myxogenic sarcoma j)urely on the basis of the abundamje of the 
mucinous matrix would often lead one into error; that indeed neitlier 
the signs of functimi on the ])art of lujiiour cells nor anaplasia of 
those cells are ceriain measures of the clinical behaviour of tumours, 
but only that it is more usual foi* a high degree of cellular diHeien- 
tiatioii to l)e the* accomjjaiiinieni of more heiiigii, and a high degree 
of cellulai anai)lasia to be tliat of more malignant proeesses. Ju the 
last analysis both liistological and cyttdogical criteria of malignancy 
may fail, the .search foi* a specific morphological criterion of the 
malignant cell or of the ‘‘ malignant tivssue having ])roved 
inconclusive, all hough it has been most fruitful in aiding our 
judgment. 

Endotheliomas were encountered as follmvsAffecting the skin 
or siibcutis—three cases in the dog, the ])ig, and the mule respec¬ 
tively; affecting the heait—tuo cases, hoth in hovines; affecting the 
liver and spleen—one case, in the shee]>; affeeding the ])leura—one 
(*ase, in (he Ji()i‘>e; and affecting the ovary—one case, in the mnle.^'" 
On a(*.count of ihe interest atlaching to these tumours and (be diffi¬ 
culties of diagnosis, they will be described heij;* in detail. In only 
d of the 11 cases was a lyinphangiogenous origin considered piobable. 

( a ) Haeman(;i()(;knous Endothetjomata. 

Case 1 14fiti7), 

The subje(‘t was a Tamworlli boar, five tears of age, which 
appeared to be (apart from the tumours) in good health and in fairly 
good condition, and from the scrotum of which biopsy specimens were 
removed for diagnosis. It was repeated tliat multiple tumours on 
the skin of the scrotum were so numerous that the whole surface was 
“ one mass of them a few ivsolated tumours were present on the 
hind legs in the liock region and a few’ on the nimj). The length of 
time over which the condition eleveloped was stated to have been 
more than a yeai*. The tumours were seen (by the attendant) to 
commence “ in the foim of scaly ])imples and to increase slowly 
in size iij) to that of the larger of the growths submitted. AVbile the 
animal was iinder veterinary obserA^ation this new deA’elopnient of 
tumours was also seen. The tumours were freely movable, with the 
skin, over the underlying tissues (*'). 

The s])e(‘imeii consists of two “ w’art-like growths The smaller 
one is an c»val ])apule covered by hairless epidermis, to wbiidi it is 
intimately attached and which oA’er a considerable part is deficient 
(ulceration), measuring 1 x *5 cm. and raised T) c*m. above the 
surrounding surface. On secdion a prfjininent and close connective- 
tissue mesliwork is seen enclosing a softer greyish tissue as small 


* This case is reserved for a subsequent commuiiicatiou. 

(^) 1 am indebted to the Government Veterinary Officer, Potchefstroom, 
for his kindness in supplyinp; these particulars. 
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alveoli ca. 1 mm. in diameter. The larger is a rounded, warty growth 
measuring 1*5x1 cm. and raised 1 era. above the surrounding sur¬ 
face. It is broadly pedunculated and situated beneath the epidermis, 
which, however, is over the greater part deficient, showing a shallow 
area of ulceration covered with reddish-brown crusts. On section, 
a connective-tissue stroma is less prominent, the softer greyish tissue 
is present in larger amounts and in parts this has a red discolouration. 



Fio. 134.—Haemangioplastic endothelioma of the skin of the pig: Invasion of the derma 
by neoplastic endothelial cells arranged for the most part to line <!apillary 
lumina. (14967 ; 60 X). 


Microscopically (Figs. 134 and 135), the smaller growth is 
limited to the culls vera and is not encapsulated. It consists of a 
stroma of collagenous tissue which is well supplied by non-neoplastic 
blood-vessels and which supports, at rather widely separated inter¬ 
vals, anastomosing strands of parenchyma consisting of agglomera¬ 
tions of blood-filled neoplastic capillaries and, occasionally, slightly 
wider vessels of the same nature. Under low powder, this tissue pre¬ 
sents a characteristic spongy appearance and a “ curled ’’ arrange¬ 
ment of the cellular elements. The cells are arranged for the most 
part as a single lining layer to the blood-channels, backed by delicate 
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coiiuective tissue: they are flattened iu shape, have i)alely-staiued 
nuclei, and ineonspicuous nucdeoli (n : N = 1 I 5U) which do not give 
an snudophili(*. reaction; they do not differ iu morphology from endo¬ 
thelial cells of normal capillaries exce|)t that they are slightly more 
prominent. But there are other areas (and these portions are very 
similar to the ‘‘ haemangioendothelioJiia of the skin of a pig illus¬ 
trated on p. 500 of Joest, lid. 111) where there is a tendency for the 
vessels to be lined by more than one layer of cells. In these parts 
an appearance which is familiar throughout the endotheliomas is 
seen, viz. that it becomes impossible to distinguish a boundary be¬ 
tween the typical neoplastic endothelial cells and siirioiinding fibro¬ 
blasts of the “ stroma because (apparently) the endothelial 
elements bec'ome associated with the development of fibrils. Further, 



Fia, 135 .—IjCsh anaplastio i)ortion of tho endothelioma of the pig nhown iu fig, 134 : Infiltra¬ 
tion of the dermal papillae by iieoplaHtic capillarieH whose growth at this point 
is resisted by the epidermis. (14967; 250 x ). 


these ambiguous cells have more prominent nucleoli (ii : N-=:l \ 25) 
wdiich now are distinctly acidophilic. Nowhere, however, is the ten¬ 
dency to blood-vessel formation completely lost. The neoplastic 
tissue follow’s the dermal papillae upwards and is usually separated 
from the epidermis by a thin zone of uninvaded, loose collagenous 
bundles of the vera. But in many parts the neoplastic endo¬ 

thelial cells are separated from the sfraHnn gcrminatimim only by 
the thin connective-tissue backing w^hich hinds them into blood¬ 
vessels (Fig. L35). In the region of ulceration there is haemorrhage 
and a ri(*h infiltration of neutro])hils wdii(‘h are also prominent 
within the neoplastic capillaries. The surface is covered by a crust 
of cellular debris with a rich bacterial flora. Mitoses are absent. 
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The larger tumour (Fig. 136) is very similar to the smaller in 
respect of its topography, viz, it occupies the cvtis vem and is un¬ 
encapsulated. There are several morphological grades of the neo¬ 
plastic tissue:— (a) Jjimited areas have ihe structure which charac¬ 
terises the greater part of the smaller tumour (i.e. the structure ot 
capillary haemangioma), (h) A larger amount of this tumour corres¬ 
ponds to those parts of the smaller tumour characterised by cellular 
proliferation rather than vascular growth, although the tendency to 
vessel-formation is still predominant, (c) A single area, demar(‘-uted 
by the stroma, is seen in which the vascailar spaces are considerably 
larger and where there is considerable crowding and a tendency to 
layering of the lining cells. Here the connective-tissue backing t(j 
(he vessels is broader than usual. Many of the cells show conspicuous 
acidophilic nucleoli. 

In these three tyjies of tissue, no mitotic figures are seen and 
the cells are relatively uniform excepting as regards the finest details 
of nuclear structure; further the supporting connective tissue is 
arranged in trabeculae which are much thinner and on the whole 
more cellular and looser in texture than in the smaller tumour, but 
which have well-differentiated collagenous fibres. 

(6) In considerable portions of this tumour, especially in its 
deeper jiarts, there is a very definite preiionderance of cellular pro¬ 
liferation over vessel-formation (Fig. 136). Although lumina are 
always to be found, in many cases they seem to be comjdetely obliter¬ 
ated by cellular proliferation; and tne endothelial cells, which are 
now frankly anaplastic, showing considerable variation in nuclear 
size and often with large acido])hil nucleoli (which are fretiuently 
double) grow almost diffusely. The n *. N ratio reaches 1 ! 14, 
indicating a very definite enlargement for endothelial nucleoli. The 
cells may be arranged in small groups having a faintly conc'.entric 
tendency (wdiorls) or in double rows, separated by a collagen-forming 
tissue which is now minimal in amount. In these areas mitoses are 
frequent and the coarse connecfive-tissue trabeculae have been 
pushed widely aiiart by the pressure of the growdh, so that a miuh 
more highly cellular appearance results. Here and there large lakes 
of blood are seen which ajqiear not so much as haemorrhages, but 
as the (lontents of neoplastic blood-sjiaces whose w^alls are more 
diluted and less w^ell defined. 

Over a large part of the surface the epidermis is deficient and 
here there is an exudate of cellular debri^s, red-blood-corjmscles and 
haematogenous pigment, and an infiltration of neutrophils. 

Hem4iTlvs ,—The smaller tumour has largely the structure of 
capillary haemangioma (plexiform angioma); but the presence of 
portions which show a tendency for cellular proliferation to be more 
prominent than lumen-formation leads one already in this case to 
susiiect that one is not dealing with haemangioma, although no 
mitoses are seen and the growth is w’^ell circumscribed. The larger 
tumour ])resent8 much more definite signs of malignancy ’’: areas 
in which cell jiroliferation preponderates over lumen formation are 
80 predommant that actual solid areas occur, with numerous mitotic 
figures and a comparatively advanced degree of cellular anaplasia; 
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Fia, 130.— More anapla«tio type of gro>^i;Ii in angiogeaious endothelioma of the pig (same 
mibject as figs. 134 and 136). Lumoii-formation very rudimentary; the lesion 
is ulceratinir through the epidermis and is infiltrated with leucocytes. 
(14967 ; 240 X). 
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li«re ilie increase of iiTicleolar-nuclear ratio, already seen in its incep¬ 
tion in j)arts of the smaller tumour, becomes quite striking. This 
neo])lasm has already acquired a locally destructive and invasive 
growth. 

Diagnosis ,—Multiple haemangioplastic endothelioma of the skin. 
Ca^e 2 {Bovine, 5144). 

The 8j)ecimeu consists of the heart of an ox slaughtered at the 
Pretoria Abattoirs. Macroscopically there is a large, irregularly 
oval enlargement situated on the caudal a8i)ect of the heart above 
the coronary groove and oc(‘upying the wall of the left atrium 
(Fig. 1*37). It measures ca, 11x8 cm. Externally it is for the 



Fid. 137.—Haemangiogonous endothelioma of the myocardium in a bovine. (5144; 1/3 x) 


most ])art covered by the thickened epicardiuin, but defects occur in 
this serous membrane. Deeply it infiltrates the myocardium 
extensively. Internally it is covered by the endocardium but in 
one place (immediately Aorsal to the caudal cusp of the mitral valve) 
it forms a fungating, fissured juotruberance into the atrioventricular 
orifice, about 3 cm. in diameter. The consistence is firm, but less 
so than that of the myocardium. Connective-tissue septa, rich in 

(•■*) In this mnerosoopto description, use is made of certain observations 
on the fresh specimen by Dr. P. J. Fourie. 
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blood-vessels, course througli the growth, and in paits blood-vessels 
may be closely jmcked, giving a somewhat spongy appearance. The 
colour is greyish while, but (lark red areas occur. There is a central 
cavity 2 cm. in diameter having roughened walls and containing 
bands of fibrous tissue and strands of fibrin. The more dorsal ])art 
of the tumour shows o])a(pie (necrotic) areas. Owing to the great 
thickening of the atrial wall caused by the jjresence of the tumour, 
the lumen of this cavity is considerably diminished; but there is a 
greater tendency for the enlargement to be directed outwards, so 
that a juojeciion of nearly 2 cm. beyond the (‘.oronary groove occurs. 
The external surface is irregularly fissured and somewhat bossellated. 
The neighbouring epicardium of the ventricle and also that else¬ 
where on the ventricles and atria is roughened by a deposit of fibrinous 
shreds and tags which in j)arts has a dark reddish brown colour (from 
admixed bloo(l). 



Fro. 137a. —Structure of endothelioma of tlic bovine heart (iig. 136) : Solid and aiigioplastio 
types of growth. (.5144 ; 240 X). 

Microscopically (Fig. 137a), the neo])lastic tissue has a prominent 
branching ‘‘ stroma composed of bands of collagenous tissue reach¬ 
ing a breadth of several millimetres, but which are much more 
delicate in what prove to be the younger and more active i)arts. The 
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character of this stroma varies in respect of dift'ereiitiatioii, some 
bawds beiii^** acellular and consisting** of dense bundles of collaj^en 
fibres, and others cellular, haviiijr a rich content of fibroblasts: the 
latter trabeculae may beccnne continuous with actual fields where 
such tissue i)redomina1es in the lacture and which are virtually 
^granulation tissue with active fibroblasti(‘ proliferation, budding of 
caj)illaries, and an infilllate of round <*,ells, erythroi;ytes, and macro¬ 
phages. In j)laces these fibroblasts have a })eculiarly loose distribu¬ 
tion and are growing into masses of fibrin. Here also ])lasma (*-ells 
are fairly frequent and have a predilcHitioii for the edges of the 
stroma, abutting on the parenchyma. In the thick septa occur dense 
condensations of collagen, some of which resemble osteoid tissue, 
being hyaline, staining intensely with acid fuchsin and containing 
lacunar spaces (wdth radiating <*analiculi) in wdiich occur shrunken 
cells. In such parts the parenchyma occurs merely as scattered islets, 
often encircling stromal blood-vessels and prodindng a (false) [leri- 
theliomatous ajipearance; and there occur alsc. large foci of round 
cells undergoing extensive necrosis. The large septa contain blood¬ 
vessels wdth large lumina and thick walls, and in them wdde lymph- 
containing vessels are also seen. Into the latter invasive growth of 
the neoplastic cells may occur From the main trabeculae, whicdi 
in other parts of the growth are far less luominent and more differen¬ 
tiated than has just been described, ju’oceeds a lich system of finer 
septa which branch and anastomose to subdivide the ‘‘ parenchyma ’’ 
incmujdetely into ill-defined areas of quite variable size and shaj»e. 
This finer rajuification of the “ stroma (insists for the most part, 
and ill some areas almost exclusively, (d* thiu-w^alled blood-vessels 
having an inconsjncuoiis fibrillar backing to their endofhelium, and 
this “ stroma is not sharjdy distinguishable from the parencliyma, 
there ajipearing to be all transitions from the endothelial elements 
of the ‘‘ parenchvma ” to the collagen-forming fib?oblasts of tlie 
stroma 

The “ ])aren(‘hyma occurs as islands and strands of rather 
closely j)acked cells having a moderate amount of faintly baso])hilic 
cytoplasm, relatively large oval nuclei*of the vesicular t\ pe but with 
variable degrees of hy])erchroinatosis, a dedicate nuclear membrane, 
and nucleoli w^hicli are useially so iiiconsijicuous as not to be readily 
distinguivshable from false nucleoli ” or jiurticles of the nuclear 
busichroniatin. Only in individual cells may the nucleoli be 
moderately increased in size, and even then they are only of a very 
limited prominence (maximum n I JST ratio 1 : 10). Here and 
there the nuclei may be closely*aggregated in groups of half-a-dozen, 
no cytoplasmic boundaries being distinguishable. Over the greater 
pari of the tumour ihe parenchymal islands are solid (Fig. I^Ta, bo- 
low’, and Fig. But in considerable areas the elements may be 

arranged to surround blood-filled sj?uces, to w'hich they form a w^all 
from one to four cells in thickness (Fig. 137a, aliove). The contained 
blood is, to all appearances, in free circulation and in it free neo¬ 
plastic cells occur. Areas of haemorrhage from these channels oiumr 
tow’ards the surface of the tumour. From the smaller septa of the 
stroma a delicate system of reticular fibrils passes between the 
neoplastic cells, but it is not coiisjiicuous, even in Mallory-stained 
sections. There is as a rule no condensation of this reticulum in 
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c<mnet!tiou with the vascular spaces; but iu those i)arts where the 
trabecular mesh work is finer, the neighbouring sej)ta themselves 
serve as such a backing. Where the stroma forms such a fine mesh- 
work it may also occur that one wall of a bloo(l-s])ace is formed by 
neoplastic eiulotlieliiini and the other by the stroma or vascu- 
larised strands of “ stroma ” may transect such a blood-vSiiace. The 
internal layer of the neo]dastic cells lining the large blo()d-si)aces 
may be definitely flattened and then indistinguishalde from adult 
vascular endothelium. More often, vSiudi flattening does not occur. 
One small focus was found showing ra])id growth (e.g. d mitotic 
figures in a single oil immersion field) and here the vascular s])aces 
are of small size, approaching cajiillary dimensions. The resulting 
appearance is much like that of the caj)illar3" endothelioma in 
Case i. Here and there continuity could be tra(*ed between the 
neo])lastic endothelium and the lining cells of blood-vessels of the 
stroma Large areas of necrosis occur in parts of this tumour. 
In large parts of the tumour mitoses are not frequent and even 
\\here strands of cells are infiltrating between the musclt; fibres of 
the myocardium (Kig. IdS) one may search many fields l)efore finding 
a dividing cell. A count made in a section showing more active 
growth gave a mitotic index of *>. 



i'lu. 138. —Invasion of the myocardium by the endothelioma shown in figs. 137 and 137a: 

Solid strands of neoplastic endothelium penetrating the musculature. (5144; 
250 y). 


Remark ,^,—The features of this tumour of most interest to us 
in this discussion are the great predominance of solid growth over 
lumen-formation, and even where the latter occurs it is but seldom 
that a('tual vessels are formed; more often the disimsition of the 
neoplastic cells merely allows the circulation of blood among them. 
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There is in this case no clear distinction of a “ stroma and 
parenchyma and the ‘‘ stroma ” can scareciy be considered as 
non-neoplastic, for there is continuity between the endothelium of 
its blood-vessels and the endothelium of the “ parenchyma ”, and 
it is quite impossible to separate the finer bands of “ stroma ” from 
the parenchyma The character of the “ stroma ” is largely 
altered by its' particii)ation in the organisation of fibrinous masses 
resulting from haemorrhage. One might describe this as an almost 
purely solid endothelioma, the blood-vessel formation being confined 
to small jiortions and being quite rudimenlary . 

Diagnosis .—Solid (and jiartly haemangioplastic) endothelioma 
of the myocardium. 


Case 3 {Bovine, 11070). 

The si)ecimen consisted of a walnut-sized enlargement of one of 
the cus])s of the pulmonary semilunar valve of an ox. On section 
the greater bulk of this enlargement is seen to consist of blood. It 
lies in the subendocardial tissue. 

Microscopically, beneath the endocardium of the valve is a 
considerable increase of (iollageuous tissue which forms a thick band 
enclosing the tumour tissue proper from the serosa of the endocardium 
on the one hand and from the myocardium on the other. It is, how¬ 
ever, difficult to speak of this as an encapsulation, because as one 
follows this (connective tissue inwards, it becomes gradually more 
cellular and becomes (ionfused with the neoplastic tissue itself, from 
which it is by no means clearly demarcated; further, the bordei* of 
this tissue against the myocardium is not a shar]) one; it extends a 
short distance bet^veen the bundles of the myocardial fibres and was 
actually described here as a localised fibrosis of the myocardium. 
The neoplastic tissue consists of endothelial-like cells whicch in many 
places betcome confused with strands of collagen-forming cells, 
between it and which there are all transitions: one cannot speak of a 
clear sejmration of stroma from parenchyma, or of ])arenchyma from 
capsule. The neoplastic endothelial-like cells may be arranged in 
the following ways: (a) as a lining to small blood-spac^es or vessels 
of approximately capillary dimensions and which are filled with 
blood-cells. These small vessels may be more closely set or more 
widely 8e])arated in the solid tissue to be described; (h) as a lining 
to moderately (e.g, diameter 25()/i) or greatly enlarged (e.g. diameter 
1 cm.) bloo(l-spa(ies, also distencled with blood. Into the latter 
occasionally occur j)a})illiform invaginations or ingrowths of their 
walls; (c) as solid tracts or strands of cells whi(h sometimes show 
transitions to areas (a) in the form of small concentric whorls of cells 
or imperfect lumen-formations. These cells are not demar(»ated from 
contiguous strands of fibroblast-like (^ells constituting stroma ” or 
“ capsule ”. 

The tumour cells are oval to spindle-shaped and are flattened. 
Their nuclei are variable in size and vary in shape from short-oval 
to elongate-oval; it is especially the cells with the latter form of 
nucleus which become confused with the collagen producing fibro- 
cyte-like elements. The nuclei have delicate membranes and a very 
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finely divided cliroiiiatin; they appear vesicular. One, two, or more 
nucleoli are visible, but are usually not easily distinguishable^ from 
small nodal accumulations of basichromatin (“ false nucleoli on 
the chromatin network. These nucleoli are not prominent and not 
distinctly acidoi)hilic. However, more prominent niu leoli do occur, 
especially in the solid areas (c) where they are quite regularly 
prominent and distinctly acidophilic (n ! N =- 1 ; 9); they may even 
be altered in shai)e—ovoid, rod-shaped, or even slightly lobed or 
irregular in outline. Similar features may be seen in the nuclei 
of the cells lining blood-sj)a(*es (a) and (6), although less often. 
(Jccasionally, kidney-shaped or ])yriform nuclei may be seen, and 
not a few nuclei show irregularity of outline due to serrations of 
the nuclear mejnbiaiie. Sometimes (piite irregularly lobed nuclei 
(])ossibly indicative of amitotic divisions) are found. In the solid 
areas (c) where anaplastic changes are most marked, the nuclei tend 
to be smaller (long diameter 7/x) and more a])])roaciiing a spherical 
sha])e than in the angioplastic ])arts, where the nuclei are usually 
some l(J/i ill long diameter. In jiarts there are (‘onsiderable numbers 
of infiltrating, haemosiderin-laden macrojihages, in others a few 
infiltrating neutro])hiles and jdasma cells occur. There may also 
o<*cur free erythrocytes among the neojdastic (-ells. Here and there 
are small foci of calcification. Occasionally, in those areas inter¬ 
mediate between the endothelial-like ‘‘ parenchyma and the con- 
iie(*(ive-tissue-like “ stroma small foci (»f myxoniatoid tissue occur 
(widely separated stellate cells): the elements here are undoubtdly 
also tumour cells, on account of the abnormal prominence of their 
nucleoli. 

livwarh's, —Originally a diagnosis of haemangioma was made, 
showing that the observer was impressed with the ju'edoininant 
angiofdasia. Hut on acMount of the large areas of high cellularity 
and the distinct anajdastic clianges, this diagnosis cannot be sup- 
]iort(Ml according to the nomenclature we are using. The tumour is 
an emlothelionia which is jnedomiiiaiilly aiigio])laslic, giving rise 
botli to neo])lastic capillaries and to cavernous bh) 0 (l-spares, but also 
partly solid. The myxoma-like transformation of small areas of tlie 
“ stroma ” is inleresiing in demonstrating the further imtentialities 
of the tumour cells, the “ stroma itself being considered as a part 
of the iieojdastii* tissue in this case. 

])ia(jnoHis ,—Angiogenous endothelioma (piedomiiiantly haeman- 
giojilastic, but in iiarts also solid) of the pulmonary semilunar valve. 

4 (Equinr, 14714). 

The subject was an aged female mule, seen through the eoiirtesy 
of Dr. G. Murtinaglia, who removed by operation u fist-sized rounded 
iiiinour situated on the off thigh over the proximal portion of the 
semitendiuosus muscle (Fig. 139). 

Microscopically (Figs. 140 and 141), the tumour is seen to lie 
in the subcutis and is well encapsulated from the overlying skin 
and underlying muscle. It is pervaded hy coarse strands of colla¬ 
genous tissue continuous with smaller strands of collagen-forming 
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cells which are not clearly demarcated from wliat, under low magni¬ 
fication, appears to be the j)arenchyma ” enclovsed by them. The 
latter is composed of elements resembling endothelial cells—spindle- 
shaped to oval cells, with oval to rounded vesicular nuclei w’hich 
may be slightly indented on one side, and one to two nucleoli which 
are rather prominent for endothelial cells (n I N often 1 I 25 to 
1 : 16). As seen in Giemsa-stained smears, also, these cells have 
distinct endothelial characters: w^eakly basophilic and clear cyto¬ 
plasm, typical ieptochromatic and amblycliromatic nuclei with 
finely-divided chromatin and palely-staining nucdeoli. The (iells 
have in many places a somewhat characteristic but variable arrange¬ 
ment (Fig. 141): in single or double rows between the adjacent 
collagen forming cells (interfascicular type of Ewing); in s<did nests, 
clumps or exevi sheets (diffuse type of Ewing). In these nests a 
distinctly concentric arrangement of the cells is often seeri and in 



Fig. 139.—Haemangiogonous eiidotheiioma of the suboutis of a oiule. (14174). 


some of these wdiorls a minute lumen accommodating a single (circu¬ 
lating) erythrocyte (which•is usually deforiiied in order to squeeze 
through the very restricted space) may be seen on examination with 
the highest magnific.ition. Or the cell boundaries may be lacking 
and many nmdei packed closely together in a single mass of cyto¬ 
plasm. Lumen-formation is restricted to these spaces of strictly 
capillpy dimensions, and wuth it is not to be (tonfused the appearance 
seen in paraffin sections of much larger si)aces around which the 
tumour cells are flatiened and which appear empty (Fig. 140): 
these were at first taken for evidence of lymph-vessel jpormation, but 
frozen sectiouvs show that they are actually surviving fat cells of the 
subcutis around which the neoplastic elements grow' most intimately 
and become compressed, closely simulating lumen-formation. Larger 
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blood-vessels oecur in tlie collagenous tissue which forms a support 
for Ihe endolhelial-like elements. As has been said there is no dis¬ 
tinct deniarcation of this tissue from the endothelial-like elements; 
the transition appears to be a gradual one, and the endothelium of 
the vessels in this tissue often appears more prominent than usual. 
Mitotic figures are not frequent, the index being less than 1. 

RfiHfirliS .—This tumour grows almost entirely in solid form, 
evidence of lumen formation being seen only on close st\idy. 

—llaemangiogenous endothelioma growing aliiiost 
entiiely as endothelioma solidum. 



Fi(}. 140.—Struc ture of the endothelioma of a mule shown in tig. 139 ; Solid type of growth 
(A\ solidum) invading between the fat cells of tlie subeutis. (14174 : 240 X ). 


5 {Ovin(\ 5847). 

The subject was a sheep, stated to have been ematdated and to 
have been obviously ailing for a few clays, and from which the liver 
and spleen >vere submitted to Dr. II. J. Ortlepp (of this Institute; 
by a native, who noticed no other afiFection of the carcass. For the 
naked eye appearan(‘es, I draw on Dr. Ortlei)p’s description: The 
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fresh liver was of a yellowish-red colour and about half again as 
large as normal and of firm consistence. The surfacie was dotted all 
ovei‘ with reddish spots and patches, some of which had a white rim; 
these varied in size from that of a pin’s head to about half the size 
of a threepenny-bit. On section, the organ was seen to be riddled 
witli red spots. . . The spleen was of a dark red colour and full of 
fo(d somewhat similar to those in the liver 



Fio. 141.—High magnification of the endothelioma of a mule shown in figs. 130 and 140: 

Whorls of neoplastic endothelial cells with very rudimentary lumen-formation 
(solid and capillary haemangioplastic type of growth). (14174; .500 X). 


Microscopically (Figs. 142 to 145), the liver shows pronounced 
structural alterations which, although for convenience to be 
described under separate headings, must be understood as being only 
artificially separable, all intermediate grades existing: — 

{a) Multiple circumscribed foci often some *5 cm. in diameter 
and having a well developed capsule, some 120/a in thickness, which 
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walls off from the surroumling* liver parenchyma a highly cellular 
tissue in which collagenous stroma is not demonstrable. The cells 
aie either arranged to suiToiind and to line large spaces (up to 600/x 
in diameter) (onlaiiiiiig (circulating) blood; or in other parts they 
form a more solid tissue, which is, how’ever, often excavated by 
smaller blood-channels which are ill-defined and vary in size down 
to those of capillary dimensions, allowing only one or a few red cells 
to pass al)reast. The cell boundaries are ])oorly defined and the 
appearance of a syncytium results; or when they are better defined, 
it can be judged that the predominating cell-shape is stellate, 
although (in section) many of the elements appear spindle-shai)ed. 



Fig. 142.—Reticulo-endothclioma of the liver of a sheep; one of multiple foci: Note 
continuity with the proliferating reticulo-endothelium of the hepatic sinusoids 
and the haemorrhages which result from the escape of the blood contained in tho 
neoplastic capillaries. (5847 ; 33 X). 
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The cytoplasm is moderate to large in amount, is prolonged into 
lu'ocesses, and with haemalum-eosin stains a light niauve-pink and 
has a faintly granular or cloudy appearance. The size of the cells 
varies greatly, the larger ones measuring ca. dl)/x in diameter. The 
nuclei conform to the distinctly vesicular type; they have a fairly 
sharp membrane enclosing a rarefied and deli(?ate chromatin net¬ 
work, sometimes with a few coarser particles on its nodes, especially 
in the sulmiembranal zone (hyperchromatosis). There are one to two 
nucleoli whi(ih are in general very inconspicuous, but here and there 
occur nucleoli reaching a diameter of 2-8 /ji. Gross nucleolar irregu¬ 
larities are rare but oc(^asional examples of such were seen, e.g. an 



Kir.. 143.—Early stage of the foci representcjd by fig, 142 : Hyperplastic rcticulo-enflotheliiiin 
of the hepatic simisoids. (5847 ; 250 x). 


elongated, i)yriform nucleolus measured IO/a in length—half the 
length of the nucleus. The nuclei are most variable in shape, a 
phenomenon which does not impress one as a sign of anaplasia but 
rather as an expression of a fundamental elasticity in the type-shape 
of the nucleus. The majority are short-oval to elongate-oval (cigar 
or spindle-shaped). Many are bean-shaped. Other forms—pyriform, 
polygonal, indented—characterise the minority. Some of these 
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irregulai ities are associated with the pressure oi included groups of 
(jrystals of haeniatogenous ])igmenl, appearing as small spicules about 
in lojigth and lying in vacuoles which cause concavities on the 
nucleus. Itarely, bi- or multi-lobed nuclei occur. Those cells imme¬ 
diately lining the blood-channels tend to be flattened, resembling 
endothelial cells (or littoral reticulo-endothelials), and these often 
show a heavier pigmentation—spicules and granules (greenish yellow 
with haeiiialum-eosin and golden with Bvrlincrblmt) may be diffusely 
scattered thiough their cytoplasm. Kree (desquamated) elements of 
the same nature are common among the blood-cells in the lumina. 
With Mallory's triple stain (Fig. 144) one sees, throughout, a rich 
network of reticulum fibrils intimately associated with the peripheral 
portions of the cell cytoplasm and its jirocesses, and delineating the 
vascular s])aces. 



rj(}. 144.-- (lo.sc associaUoii of roliculum fibrils with the neojjlastk* ondotlieliimi of a focus 
of f'cti(Milo<cti(lotlic]ionui of the liver such as shown in tig. 142 ; Mallory’s “ triple ” 
stain. (oS47 : 240 v ). 


(/>) Similar encapsulated loci in which the cellular walls of the 
vascular sjiaces have comjiletely or largely disappeared and the blood 
has formed a thrombus: these are simply small haematomata result¬ 
ing from degenerative changes in the neojilastic tissue. Traces of 
the reticulum can still l)e seen separating the blood into compartments 
and indicating the position of the erstwhile vessel-walls. Fibrin has 
been laid down and the erythrocytes appear largely as ghosts ”, 
At the perijihery of such foci the neoplastic tissue as in foci (a) may 
still persist. 
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(c) Foci similar to those described under (a) except that they are 
not encapsulated and are poorly circumscribed and a good deal 
smaller (Fig. 142). At their edges, these foci penetrate intimately 
into the surrounding hepatic tissue and merge into— 

{d) A relatively diffuse hyperplasia affecting the Kupffer cells 
of the hepatic sinusoids (see Fig. 142). This is best seen radiating 
from the periphery of the foci (o), between which and the areas 
{d) all intermediate stages exist; i.e. there is a tendency for 
this (diffuse) hyperplastic process to be especially manifest in ill- 
defined foci (Fig. 14ii), or, in other words, it appears that a more 
diffuse hyperplastic process reaches definitely neoplastic grade only 
at certain focal jjoints:—In some jmrts of the liver one is struck 
merely by the prominence of the littoral cells of the intralobular 
sinusoids and by their increase in number. Elsewhere one may see 
a proliferation of these elements between the sinusoidal lumen and 
the adjacent liver-cpll-(‘ords, so that between the former and the 
latter two, three, or four strata of elements of tlie reticulo-endothe- 
lium may exist, of which only that adjacent to the circulating blood 
consists of flattened (littoral) elements. And such areas, as had been 
said, pass OA^er into more definite focal i)roliferations. The cells are 
similar in all respects to those of the latter. 

(e) In many j)arts of the Ih’er this type of proliferation of siini- 
soidal elements associated with reticulum formation is replaced by 
proliferation of collagen-forming spindle-cells prod\icing a fine 
cirrhosis. 

The spleen shows focal changes (Fig. 145) similar to those 
described under (a) and (c) in the liver. But emiapsulation is some¬ 
what deficient—it appears to be largely limited to an increase of 
connective tissue in ])re-existent trabeculae of this oigan and such 
trabeculae may be invaded by the neoplastit*. cells, with the result 
that massive protrusions of the latter into the trabecular veins may 
he seen, together with actual growth along the intima; here the 
venous endothelium becomes replaced by neoplastic cells or else joins 
them (?) in a jiroliferation whereby is formed a lining of several cell 
layers to the vessel. In the venous blood, desquamated neojdastic 
elements may be seen. Where no trabeculae limit the neoj)lastic 
tissue, the cells thereof appear to merge gradually with the reticulo- 
endothelium of the spleen, which throughout tlie red pulp is hy])er- 
plastic and much mobilised to form macrophages (“ splenocytes '’). 
For the rest, the foci are very similar to those of the liver, except 
that, as w^ould be expec'ted, the blood enclosed in the neoplastic vas¬ 
cular spaces is richei’ in wdiite cells, especially lymphocytes. Regard¬ 
ing the white pulp of the organ, the Malpighian corpuscles show a 
prominence of reticulum cells and macrophages; and striking 
evidence of erythrojjoiesis is seen in the shape of the very large 
numbers of erythroblasts and (especially) normoblasts to be found in 
the lymphoid tissue. The red pulp is much congested with blood. 
In both hepatic and splenic foci, mitotic figures can be found only 
here and there. 

Reimrhs ,—The type cell concerned in this neoplastic process is 
the reticulo-endothelial cell, as is clearly shown by the morphology 
with ordinary stains (variation from stellate cells in syncytial 
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amnigemeiii to flaiteued littoral elements), the constant and intimate 
associalion of the cytoplasm with a inomiiient fibrillar reticulum, the 
marked phagocytic capacity in respect of haeTnato*»*enous pigment, 
and the actual (jontiuuity witli Kuptfer cells (jf the liver and the 
reticiilo-endotheliuni of the spleen. In the human literature, Ewing 
(p. 7d()) is veiy conservative regarding the possil)ility of the develop¬ 
ment of sarcomat4>us neoplasms from hei)atic endothelium and warns 
against accepting as mesoblastic neoplasms (angiosarcomata) those 
cases of hepatoma in which the epithelium is very anaplastic and in 
which the tendency to excessive vaculari/iation and even to actual 
endothelial proliferative overgrowili is wtdl knonn (“ liaemorrhagic 
hepatoma *’). Although these objections are obvirmsly inapplicable 
here, it is of interest to mention them as illnstiating the apparent 
lariiy (even to the point where authorities donl)t their occurrence) 



Pic. 145.— JU'ticulo-tmdothdionm of the splwn of the sheep : One of multiple foci affecting 
both this organ and the liver. (8aine ease as tigs. 142 to 144). (5847 ; 33 X ). 


of lesions similar to this in man. Erom the point of view of certain 
fundamental resemblances of the actual histological processes, one 
may here also lecall Gaucher’s disease, in which occurs a marked 
splenic enlargement due to overgrowth of the reticulo-endothelial 
elements of this organ as well as in other blood-forming organs. In 
that disease also, foci may appear in the liver (in the portal canals, 
however), regarding whose primary or secondary (metastatic, depend¬ 
ing on embolism) nature there is a differemje of opinion. It is classed 
by Ewing as a tumour-like hyperplasia of endothelium intermediate 
between inflammatory and neoplastic overgrowth—(cf. in the ])resent 
case the accompanying juoliferation—arising from the same elements 
as give rise to the tumour cells and the tumour-like hyperplasia of 
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reticiilo-eiulotlielial nature—in the form of fibroplastic tissue, pro- 
duciug: cirrhosis). He further remarks that “ the cells lack the 
hyi)er(ihromatic nuclei of tumour ceils, and they carefully respect 
anatomical l)arriers(‘*) the latter feature being* in pronounced con¬ 
trast to the lively invasive propensities which are exhibited by the 
tumour cells in regard to the thick trabeculae of the spleen in this 
case. It must also be remarked that, fundamentally, the lesions 
under discussion present certain histological features in common 
with Hodgkin^s disease. The whole question of Hodgkin’s disease, 
“ reticTilum cell sarcoma ” of lymphoid tissue, (Taucher's disease, 
and monocytic leucaemia (retieulo-endotheliosis) in man is still 
shrouded in mystery. In animals we are on even less safe ground, 
although it seems likely that some of these moie obscure conditions 
encountered in the domesticated species may have a significance for 
the human jiathologisi. 

My impression of the present case was that one has to deal with 
multiple i)rimaiy tumours of liver and spleen, which, although not 
secondary one to the other, far from being independent, represent 
the culmination at focal points of a diffuse sysiemi<-, hyporplasiic 
affection of the reticulo-endothelium in these two organs, whose 
interdependence has in recent years been increasingly emphasized by 
McNee (19:12). 

After some hesitation 1 have classed this case tentatively with 
the haemaiigiogenous endotheliomas. It would appear to have many 
features in common with the multiple liver tumours descTibed in a 
*svoman by V'idari (l}h‘}il) and in an infant by Foot (1927). Its histo¬ 
logy and cytology are clear; and although there is a consitlorable ten¬ 
dency, on physiological grounds (especially from the standpoint of 
blood-formation and blood-destruction), to differentiate sharply 
between reticulo-endothelium and the general vascular endothelium, 
on both embryological grounds and the grounds of normal and neo¬ 
plastic morphology of the cells concerned it is hard to see fundamen¬ 
tal differences. We know that even the general vascular endothelial 
cells, in respect both of potentialities (reticulum fibril-formation, 
etc.) and physiology, are hard to separate sharply from reticulo- 
endothelium: not only may reticulum fibres be demonstrated, for 
example in the endothelium of the renal glomeruli (Allen, 1927; see 
also Corner, 1920), not only do we still speak of the intralobular 
capillaries of the liver, not only is reticulo-endothelium in continuity 
with the general vascular endothelium; but it is bard to establish 
that even as regards haem*opoietic and phagocytic; functions the two 
types show differences except of degree. In ordinary endothelioma, 
the elements are also intimately associated with reticulum fibril- 
production; they show transitions to the fibroblastic type of cell, and 
even (as we saw in one case) to stellate cells of myxobiastic character. 
Thus one can hardly contend that by any of these criteria, admittedly 
prominent in the present case—phagocytosis, fibril-production, or 
variation in cell-shape and arrangement—can tumours derived from 

{®) It is hard to sec lack of such features, characteristic only of 

ruallgnanf tumours, should be advanced as evidence against a neoplastic nature 
of lesions. 

(7) Cf. the widespread focal appearance of leucotic and leucaemic lesions. 
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Fig. 146.—Lyniphaiigiogonous endothelioma of the subcutis of a dog: Encapsulation from 
the overlying skin (above, right); largely solid type of growth in which occur 
whorls of endothelial cells; occasional larger and smaller lymph-containing 
cysts. (9061 ; 33 X). 
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reticulo-endothelial cells be contrasted with those derived from the 
general vascular endothelium. If we are to class such tumours with 
sarcoma (“ reticulum-cell sarcoma ‘‘ reticulo-endothelionia ’’) it 
is hard to see how we can avoid a reversion to the old practice of 
classing all malignant endothelial tumours as sarcomata. Such a 
unification may perhaps occur in the future, when the role of the 
reticulum-cell in lymphoid tissue and in lymphosarcoma may be fully 
elucidated; but that time is not yet ripe. 

Diagnosis .—Multiple angioplaslic endothelioma (arising from 
the reticulo-eiidothelial cells) of the liver and the spleen. 


(ft) LYMPIIANGKXiENOrS EnDOTHELIOMATA. 

Case G (Canine, 9061). 

The subject was a dog from which a tumour, stated to have 
developed at the site of a gun-shot wound (lead pellet), was removed. 
The specimen consists of a broadly-peduiiculated ovoid tumour of the 
subcutis, thinly enca])sulated and covered by skin. It measures 
4x3x2 o cm. On section the (fixed) tumour tissue has a greyish- 
white coloiir and a soft (gland-like) consistence. For the most i)art 
it ai)pears solid but in some purls is jiermeated by a number of cyst¬ 
like spaces not containing blood and varying from 0 5 to o mm. in 
diameter. 

Microscopiiiully, the neoplasm is seen to lie in the subcutis and 
is distinctly encapsulated from the overlying skin (Fig. 14(), above, 
right). Occasional septa of loose collagenous tissue with blood-vessels 
run through it (Fig. 146, above, left), and these may sometimes be 
invaded by the neoplastic tissue. The many other strands and tra(*ts 
of collagen-forming tissue which occur in the tumour and which at 
first glam e might be taken for a stroma are seen, esjiecially on (*yto- 
logical study and the application of fibrillar stains, to bo a jmrt of 
the neoplastic tissue itself. They* will be described later. The neo- 
jdastic tissue (Figs. 146, 147, 148) is composed of: («) a highly 
(jellular tissue whose elements are closely packed and arranged in 
small, rounded to oval, concentric whorls (Figs. 146, left, 147) 
usually varying in diameter from 130 to 300/x, l)ut sometimes also 
forming larger, more diffuse tracts or lobules of cells without con¬ 
centric arrangement. The cells are indistinctly outlined, oval to 
spindle-shai)ed elements having short-oval to elongate-oval nuclei 
which vary in long diameter from ca. Tfi to ca. 19/i. Although the 
nuclei vary a good <leal in shai>e—e.g. some may be indented, kidney- 
slia])ed, or twisted—signs of anaplasia are almost absent and the 
texture of the nuclei is very uniform: they have a delicate membrane 
enclosing a i)ale-8taining, finely and evenly divided chromatin. 
Xucleoli are scarcely visible and may be confused with the small 
knots of basi(!hromatin which can sometimes be seen; they stain 
l)oorly, and a n I N ratio of 1 : 50 is never exceeded. The w’horls 
consist of a central group of cells, disposed irregularly and tending 
to have plumper nmdei, surrounded by many concentric laj^ers of 
curved elongated cells tending to have more elongated nuclei: the 
transition is very gradual and the cells all unmistakably of the 
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same type. They are intimately associated with a network of reti¬ 
culum fibrils which, more rarefied in the centre of the whorls, 
becjomes more ])rominent as the jieriphery is approacbed (Fi^- 148;. 
At the latter, the cells merge gradually into {(») spindle-shaped 
elements (Fig. 140, centre and right. Fig. 147) which are set farther 
apart because they are associated with tbe production of collagen. 
This whole fibrillar system—reticulum and collagen—is continuous. 
The spindle cells form the wide tracts and stands superficially 
resemlding a siroma, as was mentioned earlier, or which support 
the whorls or surround ilie more diffuse areas of endolhelial-like 
elements. They show all transitions, from the latter, to fibi*o(iytes 



Fig. 147.—l>etail of tlic structuro of the solid jwrtionH of the caiiiiio lyniphangiogonous 
endothelioma shown in fig. 146: Whorls of endotheiioid eells in ruiitiniiity at 
the periphery with diffusely-growing spindle eells associated with fibril-product ion 
and more of fibroblast type. (9061 ; 250 x). 
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Fig. 148,—Applu'ation of Mallory’s fibrillar staining to the tissue shown in fig. 147 : Well 
marked reticulum production in the whorls of endothelial cells with gradual 
transition to the collagenous fibrils produced by the diffusely-growing cells. 
i^mi ; 250 X ). 
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with smaller and iianower nuclei. In iliese tracts blood- and lyjnpli- 
vessels occur accoin]»anied by a small amouni of adventilial colla^’en- 
ous tissue: Ihese (1o«etlier with the occasional loose septa mentioned 
ju’eviously) (roustitnt»^ the stroma ju'oper <»f the ueojilasm. But besides 
these (non-neoplastic) vessels, there occur lart»e spaces tilled with 
lymph (.Fi^‘. 14t), below). The walls of these are tornied 1>y the 
fibnijdastic colls and are lined l)v endothelial elements c(mtijiuous 
with and Jiot easily distinguishable from the latter; the (rondensation 
of cells which forms this linin^r may be one or several layers in thick¬ 
ness. In some parts of the tumour only there Jiiay be a variable 
admixture of erythroc\tes with the lymph. 

Mitotic ti;^'ures are confined to the non-colla»^enous tissue and an* 
erratic, in th(*ir dist7ibution : in man\ whorls none are to be seen; 
on the other hand threi* w’(*re seen in a sinj^le whoil. A count made 
at random over both ty[)es of tissue *»ave an index of ‘3. 

SftHiniftrjj. A circMiinscribed tumour of the subcutis composed of 
an immnspicuou.s stroma and a parenchyma arranged chiefly as solid 
wdiorls of cells of endothelial ty|)e without lumen-formation; these 
(‘ells, w'hic.h pioduc.e reticulum-fibrils, are ev(^r\where transitional to 
tracts of cells which produ(‘e collagen and which a^ain over to 
(‘udothelial eb*ments lininj** n(*ojdasti(‘ lym])h-s])a(‘es. 

Scdiil and lymphan^ioplaslic endothelioma (lympli- 
aiijuionenous endothelioma). 


7 {JJonfu\ SI 24), 

Xo com]dete macroscopic des(‘ription of the lesions can be o*iven. 
This s]H*cimen consists of neojdastic nodules which weie attached to 
the ca)>‘<ule of the spleen of a bovine slaughtered at the Germiston 
Abattoirs. Of these nodules, some are rounded and disciete, imuisur- 
in^ C((. 2 cm. in diaim*ter and showing*’ a fairly ]>rominent fibrous 
stroma sUjiporfin^- a softer ^reyivsli tissue. They are firm in con¬ 
sistence. Others are flattened close a»«‘renations of broadly attached 
or som(*w'hat ])edunculated nodules which individually var>’ in 
diameter from 1 mm. to J cm., are separated one from another by 
deep clefts, and f(»i'ni pla(|ues reaching* a diameter of 4 cm. Their 
surfaces are (*overed by serosa (smooth and <»‘listenin<?L 

Microsco|)ically (Fiji’. I4f)) the discrete nodules lie in the (spl(mi(‘) 
subserosa in which they tend to be circumsciibed by a loose-textured 
colla“‘enous cajisule. Tlowever, in many jdaces the latter is bu kin^ 
superficially, and the tumour extends to immediately Ix'low the cover¬ 
ing? mesot’helium, filling' out the whole thi(d\ness of the subserosa. 
The tissue consists of a well-developed but most irregularly arranged 
system of connective-tissue bundles (i.e. there is a fibnrsis of the 
vis(^eral peritoneum) which indistinctly demarcate areas of cellular 
]>aren(diynia. These areas are (‘omjiosed of elongated cords of cells, 
(me or two elements in thickness, wdiieh are su])porte(l by a variably 
developed but usually rich system of fine colla^jenised strands of 
(‘onnective tissue; betw’een the cells of these solid cords, reticulum- 
fibrils are demonstrable and are in intimate (continuity with the 
collap:en fibrils formiiif? a stroma ” between the cords. In most 
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l)arts this parallel arrangement of rows of cells between strands of 
(jollageu is a very striking feature of the morphology. In other parts 
the strands may be several rows of cells in thickness and there is 
often a tendeiu^y for the nindei to be aggregated in a small clumps, 
without cyto])lasmie demarcation being demonstrable. Although 
definite whorls are not formed, this appearance is very similar to 
what has l)een described in other endotheliomas. The tumour cells 
are somewhat varifible in mor])hology, but are all clearly of the same 
ty])e and have in general a close resemblance to endothelial cells. In 
general they are polyhedral elements of moderate size and (in ])araflin 
sections) often measuring some 7 to II/a in diameter. Many, how¬ 
ever, show distinct traces of a greater specialisation in form: in 
the strands or rows of cells it is often seen that they assume a cuboidal 
or even columnar sha])e (i.e. they are elongated in a direction vertical 



Fio. 149.—Detail of the structure of lyinphangiogonous endoth(‘Homa; Klongatod rows of 
cells with occasional rudimentary traces of capillary lumen formation. (8124 ; 
240 X). 


to that of the length of the strand), resting with a broad base against 
the collagenous stroma; on the other hand, the cells very often tend 
to a spindle shape (being elongated in the same direction as that of 
the length of the strand), and there is a tendency for the cell strands 
to emdose lumina of capillary dimensions containing a neutrophil- 
rich lymi)h-like fluid. The cytoplasm inclines to a weakly baso¬ 
philic reaction, except in degenerating cells with i)ycnotic nuclei, 
in which it is strongly acidophilic. It a])pears homogeneous and of 
but a slight degree of density. The nuclei fill at least one-half of the 
cytoplasm, in which they are often souiew’hut eccentrically situated. 
They are usually of short-oval sha])e, less often elongate-oval. They 
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measure mostly some in loijjy diameter, but more elongate ones 
may reach a leugth of more than 10/x. Minor irregularities in sha])e 
(angularity, slight serrations of the inudear membrane, etc.) are often 
seen. The more typical nuclei are only very moderately or eveii but 
slightly chromatic, showing a fine, regular network. However, in 
most |)arts there is a severe infiltration of neutro])hils (associated with 
the tumour tissue in the vi(‘inity of completely necrotic areas) and 
in these regions the nuclei often appear richly chromatic (necrobiotic 
byperchromatosis and j)y(*nosis), a phenomenon which is not to 
be interprete<l as anything more than a se(*ondary change in essentially 
amblychromatic nuclei. The single or (equally often) double nucleoli 
are often moderately to niarkedly eccentric in location and are fairly 
jirominent structures, esi)ecially in the non-necrobiotic regions; 
n iN ratios of 1 .’ 9 to 1 ! 14 are frequently seen; in most nuclei, 
however, the ratio is nearer 1 I 25. 

On the surface of the papilliform nodular plaques described 
macroscoj)ically, one can see the ajipearames of mobilisation of the 
jiiesothelial *ells, but there is no continuity traceable between such 
cells and the tumour cells. On the other hand, at the edges of the 
lesions an unmistakable sju’outing ajipearance of the tumour cells 
is seen, clearly reminiscent of the “ budding of capillaries. The 
mit(»tic indcA is d. 

liematks, — in diagnosing this tumour it is essential to have 
clearly ifi miiid the iiossibility of secondary serosa^ (‘arcinosis or of 
(primary) mesothelioma. This ditferential diagnosis is not difliciill 
if it is remembenul that in both those conditions one expects to find 
evidence of an ntlntlijutphafir growth of the neo])lastic tissue, whereas 
in this case the t.\ ja‘ of groutli is h/mpluffi(\ i.e. resembling the bud¬ 
ding of capillary lymjdiatics. Further, carcinoma is excduded by 
the reseniblance of the cells to endolhelials, the indistinct demarca¬ 
tion of ^ htroma ” from “ parench\ma ami the ])resence of inter¬ 
cellular reticular fibrils, and the absence of a marked degree of 
ana])lasia. This tumour should be compared with the ])leural lym- 
phang'iomas (equine S045 and bovine its diagnosis is largely 

dependent on the similarity of its growth mode and cytology to the 
younger (solid and ca]iillary) portions of such tumours. 

7>^/n(r/no.s’/.s‘.--liymphangiogenous endothelioma ot the visceral 
(splenic) peritoneum. 


Summary. 

In considering the angiogeuous neoplasms (“ endothelio- 
blastomas of the domestic animals, we have attempted to draw, 
as sharply as ])ossible, a line of distinction between those of 
‘^benign” t\pe (angiomata) and those of “malignant” tyi)e 
(endotheliomata). It must freely be admitteil, however, that this 
separation is, in the present state of our knowledge, no easier (and 
indeed probably considerably more difficult) to carry through than is 
the discrimination between certain benign or malignant epithelial or 
connective-tissue tumours; it is easy only in the typical cases at the 
two extremes of the series. 
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Among the cases repojted in some deiail, attention may be drawu 
to the description ot as many as four cases of that rare neoplasm, 
lymphangioma. The structure of all three varieties of this neoplasm 
—simple (capillary), (lavernous and cystic—is rei)T‘eseiited by the 
specimens in the colleciioii, but only the cavernous type was en¬ 
countered in pure form (twice), the oilier two tumours being of mixed 
capillary and cavernous and mixed capillary, cavernous and cystiti 
types respectively. The cavernous lymjihangiomas give rise to no 
difficulty in diagnosis, but the less familiar lymphangiomas of jire- 
dominantly capillary type raise a difficult question in their difteren- 
tial diagnosis from (lyinphangiogenons) endothelioma: the circum¬ 
stance that these iumours grow by means oi solid capillary buddings 
or sproutings allows them to fulfil, in part at least, one of the (*riteria 
that are commonly used in the lecognition of endothelioma, viz. that 
cellular luoli feral ion predominates over angioplasia. But on closer 
analysis it is seen that this “ predominaiKe is merely an ajiparent 
one, since the solid sprouts ot cells are destined soon to acquire 
lumina, and the fields of solid growth therefore re])resent only a 
very transient jihase through which the neo])lastic units ])ass before 
becoming clearly recognisable as (neoplastic) vessels; non-neoplastic 
vessels grow in the same manner, .as is well known. Tn making this 
distinction from endothelioma we have rather to rely on the absence 
of what may be described as a permanent ” cellular predominance, 
on the absence of invasive growth, and on the absence of conspicuous 
anai)la<tic cellular changes; although (as one might already 
expect from experience in other fields of tumour pathology) one may 
easily be led into error through an exclusive reliance on any one of 
such criteria alone. Further, it goes almost without saying that, 
ignorant as we are of the actual cxmrse of the lesions under (‘onsidera- 
tion, their rigid classification into benign or malignant tyjies is based 
on less certain grounds than (*ould be wished. Certainly a naked eye 
distinction between certain tumours here termed angioma and others 
cdassed as endothelioma would by no means be possible in all cases. 
It is also likely that some authorities would class as angiomas 
tumours wdiich in the Onderstepoort Collection are grou])ed under the 
endotheliomas. This dilemma, which some pathologists atteni])! 
(perhaps more wisely) to evade by the use of the non-committal term 
“ endothelioblastoma ” for this whole group of neoplasms, is familiar 
even from the study of the much better knowm haeinangiogenous 
iumours. 


Of the cases of endothelioma, more evSpetu’al interest attaches to 
the histologi(;al descriptions of endothelioma of the heart in bovinc's, 
of multiple (reticulo-) eudotheliomatosis of the liver and spleen of 
the sheej), and of lyinphangiogenons endothelioma in the dog and in 
the ox. The last-mentioned case is of especial imiiortance, in demon¬ 
strating w^ith clarity the distinction betw’een lyinphangiogenons 
tumours (endothelioma) of serous membranes and mesothelioma. Both 
this case and the two cases of lymphangioma of the serosae may 
profitably be studied in close association with the description of 
mesothelioma in Chajiter VT. Tt is w-ell to repeat here, in view^ of 
the fact that the distinction between these twm kinds of tumours is 
so little recognised (cf. the application of the term endothelioma ’’ 
to inesothelial tumours as w’ell!), that the essential difference lies in 
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the lymphatic growth of the aiigiogenous serosal tiirnoiirs as (‘ou¬ 
tlasted with the intnt-lymphatic spread of the mesotheliomas. There 
are of (*ourse also many other differences of histological detail, and 
the two types (‘.an, at least in the ox, he distinguished with ease on 
naked-eye examination alone. 

JVueleolar enlargement (e.g. 1 I 9, J : 14, 1 : Hi—ei. the normal, 
ca, 1 ’. 50) was encountered in all cases of endothelioma excepting* 
one (^ase of lymphangiogeiious endothelioma of the dog. As it was, 
however, also seen in some of the tumours diagnosed as lymphan¬ 
gioma, it caniKjt h(‘ con>i(lered as of vital significance in the assess¬ 
ment of thosi* tumours according to the classificatorv ciiteria whi(‘h 
have heie been used. 

Hegarding the sfiecies ()(*(‘urrence of lymphangiogenous neo¬ 
plasms, it should he mentioned that pi^evious lecoids of lymiihan- 
gioma and lymphangiogenous endothelioma in the Imvine and of 
lym])haiigioma in the mule, wliich are here rejioited, have not been 
found in the available literature. 


U 
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CHAPTER TX. 


Short Notes on Glioma; and on Tumours of Melanin-pigmented 
Cells, of Muscle, of the Adrenal, and of the 
Precursors of the Blood Cells.(‘) 


A Notk on Gliomas jn Dom^sticatli) Animai.s with Special 
Reeeiiknck to Bihds. 

In the earliei* lileraiure on iieojilasiiis of iniiinalh few arf*e])Ial)le 
reports of f»li()ina occur. In Joesl’s textbook (11, p. 591) we read 
that sucli tumours have been recorded in the dog—in the cerebrum bj^ 
Marchaiid, Pelit, and Pecard (1907), in the spinal c.ord by Piana 
(1889) and in the (lasserian ganglion by Gratia (1889); and in the 
bovine by Joest himself—in the caudu eciuina and in the retina 
(gliosarcoma). Fox (1912-ld) reported as a glioma a'lesion of the 
brain of a parakeet but this (*ase was not actceptable to Joes! and 
Ernesti (1917) chiefly because neuroglia fibrils were not demon¬ 
strated and there were meiastavses to the liver (glioma and gliosarcoma 
being (onsidered non-metastasizing neoplasms). Nor \>as an early 
case of suj^posed glioma in a bovine re])orted by Dornvachter (1890) 
acceptable to ras])er in his review of the same yeai*: he considered the 
neoplasm to be more jnobably a ([mlymorphic celled) sarcoma of the 
spinal meninges. More re<*ently Dawes (19f3()) has rejiorted a glioma 
of the brain of a dog; this tumour was considered to be an ependymal 
glioma, but i)holomi(’rogra])lis are not published. Schlotthauer and 
Keruohaii (1935) have jmblished a full hisfologicTil account of a 
canine cerebral glioma considered lobe a. inulftformc. 
No reports of glioma in the domesticated birds occur, and apart from 
Fox’s doubtful case, these tumours have not to my knowledge been 
observed in any avian. 

It is of interest, therefore, to record two cases of domestic fowls 
which were affected by brain tumours, in one of which the gliomatous 
nature was proved. In the other tumour, unfortunately, although 
haemalum-eosin stained sections remain, the specimen was destroyed. 
From the similarity of its morjihology to the proved glioma, how¬ 
ever, I was completely satisfied that this second case is also a glioma. 


(M Tt is scarcely necessary to say that the various tumours which form 
tlio title of this cliapter are not grouped together for anything more than 
convenience of ijresentation. These neoplasms are either i-epresented in the 
collection by too few examples or by material not specially suited for the 
undertaking of a lengthy study of each tyiie. 
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CTJOMA. 


<!a.^e 1 (Fowl, 14258). 

The subject was a Li«ht Sussex hen, about one year of age which 
was reportp(l(^) never to have laid, to have run veering to the left, 
and often to have fallen over on its loft side. Finally the bird 
was unable to stand, lay on its left side and although it continued 
eat and drink it appeared stupitied. Nctnolyrnphomatosis gallinamm 
was suspected. The specimen as seen by me consists of a transverse 
section of tlie brain *5 cm. in thickness) the anterior face of whicdi 
transects the ])osterior ])art of the (cerebrum, o to 4 mm. oral to the 
transverse fissure and the jiosterior face of which transects the oidic 
lobes. On both the oial and the aboral aspects of this slice of brain 
are seen foci which contrast with the surrounding brain tissue on 
account of their distinctly whiter colour. Tn the unfixed specimen 
they were also softer in consistence than the normal tissue. They 
vary a good deal in degree of (‘ircuniscription but none ai)|)ears to be 
encapsulated. In the following descri])tion it is assumed that certain 
of the foci as they are seen in this slice of brain when its aboral aspect 
is examined are continuations of foci luesent on the oral aspect; but 
it was not desired to destroy the specimen for the sake of actually 
proving this by the cutting of serial sections. The focd may be 
described as bdlows: — 

Oral aspect of the section.—(//) A rather shar])ly outlined quadri¬ 
lateral focus, 8 by 9 mm. which stands verti(*ally on one of its angles. 
It is situated mainly in the lower ])art of the mesostriatum of the 
left side, but it deflects the septum considerably to the right and also 
continues through the latter to occu])y a small part of the ventro¬ 
medial i)ortion of the right mesostriatum adjacent to the tractus 
septo-mesencaphulicus. Its upper angle jirotrudes into the left lateral 
ventricle, (h) This fmuis is ..mailer and more ])oorly outlined. In 
section it also appears somewhat (luadrilateral and measures 3x2 
mm. It is situated in the lateral jairt of the hypersiriatum of the 
left side. 

x4boral aspecd of the section:—(c) An oval focus occupies the more 
dorsal portion of the left optic lobe. Its long axis lies more or less 
horizontally and it measures 9x0 mm. Its dorso-medial extremity 
abuts on the median plane dorsally ajid its ventro-lateral pole has 
replaced the dorsal portion of the tectum. This focus apparently 
rejuesents the aboral extremity of focus (b). (d) A small focus, oval 

in outline and 4 mra. in long diameter, occuiines the ventro-medial 
portion of the right optjc lobe, abutting on the median plane. This 
apparently rejuesents the aboral ])ole of that portion of focms (a) 
which extends over to the right side, (c) A minute focus, jmorly 
outlined and 1 mm. in diameter, lies in the right optic lobe imme¬ 
diately ventral to the dorsal extremity of the tectum. 

It thus ajjpears that there were altogether three tumours: the 
tw’o larger of these stretched from the corpus striatum in front into 
the optic lobe behind, one being confined to the left side and the 
other being situated mainly on the left side but extending also across 
to the right side. The third tumour was much smaller and w^as 
situated in the ojdic lobe of the right side. 

(2) Mr. 1), Coles, B.V.Sc., kindly supplied the history. 
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Mioi‘os(*o])ically (Fi^s. loO, lol, lo2), the tiiinoiu* foci are 
unencapsiilateil (Fi^‘. loO). Their ])aronehyiiia has some teiuleney 
to he divided into lohiiles of rounded outline and irref»*ular size and 
often shoAvin^- a more open or laee-like texture of their (rentral 
portions. This is due to tlie presence of a siroma which cxmsists chiefly 
of blood-vessels, acconii)anied 1)\ a small amount of connective tissue; 
this vascular stioma is enhanced in projuinence by adventitial ac-cu- 
niulations of small lym])hocytes. The paienchyma ctuisists of more 
loosely |)acked or sometimes more closeiy a»»Te«a<ed (^ells whi(‘h 



Fm. lAO.'"Glioma of the ctTcbrum of tlu* fowl: Encroachment on the brain substance 
(right). 142r»H; 240 X). 

are characterised by ])ale, oval, distinctly vesicular nuclei and a 
cytoplasm which has many fibril-like prolongations, couterrino- a 
distinctly stellate appearance on the cells lol). Especially 

where the cells are more loosely aiTaiif^ed, the cytojdasinic ])rocosses 
are seen to form an intricate, much tanp:led, and irregular felt work 
(Figs. 151, 152). Scattered amongst these cells are isolated (infiltrat¬ 
ing) round cells, similar to those situated }»erivasciilarly in the stroma. 
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The tumour cells may have no definite arranjyement,^ or in parts may 
be arranged with their lonj^^est diameters parallel. \ an Gieson stain¬ 
ing* demonstrates the absence of collagen from the parenchyma; with 
either of Mallory’s fibrillar wstains, however, one sees a tangled and 
all-pervading feltwork of fibrils reacting for neuroglia (deep blue 
with the phosphotimgstic acid haematoxylin stain—Fig. 152) and 
whi(‘.h at their origins are so intimately associated with the ])roto- 
plasmic i)rolongatious of the cells that they appear to branch off 
from or to be direct continuations of the latter. The nuclei are, on 
the whole, of fairly uniform appearance, varying usually from 6/a 
k> 8/a in long diameter, and have in(;onspi(nious nucleoli. Tn places 
moderately hy])erchroniatic nuclei may be found and these are usually 
larger, up to 15/a in long diameter, and may have somewhat Jiiore 
conspicuous nucleoli; the n : IST ratio, however, does not exceed 1 I 32 
in any cell and in the majority it is more in the neighbourhood of 
1 : 80. Mitoses are not seen. 

lienutrks ,—The site of occurrence, macroscopic appearance aiid 
the histology, notably the microcheiuical demonstration of neuroglia 
fibrils connected with the cells and the absence of collagenous fibrils 
from the parenchyma place the assessment of this neoplasm beyond 
doubt. In histological ty])e the tumour would appear to correspond 
most closely with the spongiohlasloma mnUiformv of man, according 
to the classification of Bailey (1927). 

Diagnosis, —(Multiple) glioma of the cerebrum. 


Case 2 (Fowl, 9805). 

It is not possible to give an accurate account of this specimen, 
which was unfortunately destroyed by error before the examination 
had been completed. Only stained sections of the brain remain for 
examination and it is consecpiently not jK)Ssible to apf)ly s])ecial 
staining methods to the brain lesions. The specimen consisted of 
the brain of a fowl, showing foci in fhe cerebellum; and the liver, 
also showing foci. 

Microscopically, a section of the cerebellum discloses the presence 
of invading foci of a tissue closely similar to that described in (hse 1. 
A somewhat lobulated structure is conferred by septa of delicate con¬ 
nective tissue, carrying siufill blfKjd-vessels which show perivascular 
accumulations of round cells (lymphocytes and plasma cells). 
Enclosed by these septa are solid aggregations of cells having irregular 
shape and disorderly arrangement. Their cytoplasm is rather large 
in amount and usually faintly acidophilic—dull pink, but at times 
also a dull jnauve, with haemalum-eosin. It is prolonged into 
prominent processes. The nuclei are short-oval in shape and vesicular 
in type. Most vary in long diameter from 7/a to 12/a. They have 
a very rarefied chromatin network and usually one inconspicuous 
nucleolus is seen (the n I N ratio being usually ca, 1 : 100); although 
occasionally larger nucleoli occur and the n : N ratio may reach 
I : 14. Sometimes a single cytoplasmic mass is provided with several 
nuclei. Mitotic figures can be found, although they are rare. 
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lol. - StructuM* of the glioma slio^n in fig. J.IO; intimate continuity of neoplastic 
siKmgioblasts with fibrillar imilongatioiis of their eWoplasm., (14258 ; 500 X ). 



Fig. 152.“—Specific reaction of the glia fibrils in glioma of the fowl (figs. 150 and 151) to 
Mallory's phosphotungstic acid haematoxylin staining. (14258; 625 x). 
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Delicate secondary se])ta, composed almost entirely of blood-vessels 
with mantles of round cells, indistinctly subdivide the larg'er lobules 
of the parenchyma. But there is otherwise no trace of collag‘en 
among the parenchymatous cells. The focus is unencapsulated. 

The liver specimen was not considei'ed satisfactory for examina¬ 
tion. Multiple foci are present whose nature was not clear, but 
in which neuroglia fibrils could not be demonstiated. There was no 
proof that these foci were neojdastic or related to the brain lesions. 
It is of interest to record that in Fox’s case is mentioned the ]»resence 
of a slightly aty])ical metastasis in the liver ”. He does not, how¬ 
ever, enlarge ui)on this finding. 

Remarhs ,—Although unfortunately no brain material is avail¬ 
able for the ap])lication of glia stains, the resemblance of the 
haemalum-eosin- and van Gieson-stained sections in structure to 
Case 1 is so marked that one is satisfied that a similar diagnosis is 
justified. This tumour is somewhat more anajdastic and more raj)idly 
growing and some would doubtless term it a gliosarcoma. The 
difference is, however, only one of degree, and that term is not 
favoured in modern nomenclature. 

Diag 7 iosis ,—Glioma of the cerebellum. 

Symmary. 

Two cases of glioma of the brain of fowls are described. Such 
tumours, exceedingly rare in domestic animals as a whole, have not 
been recorded for this species and indeed no entirely satisfactory 
proof of their occurrence in members of the class Ayea has yet been 
offered. The diagnosis has depended on the finding of non-encap- 
sulated, softer, and whiter foci in the brain substance, whic h on 
mic-rosco])ic examination are found to consist of a lobular or alveolar 
arrangement of stellate cells associated with the ])roduction of a felt- 
work of non-eollagenous fibrils which react, not for reticulum, but 
for neuroglia. The specific fibrillar staining could, however, be 
applied only in one of our cases. Apparently grades of malignancy 
exist, as shown by variation in the presence of mitotic figures, and 
absence or presence of moderate nucleolar enlargement. The ])ossi- 
bility should he borne in mind that the api»arent rarity of glioma in 
domesticated species, e8])ecially in birds, may in jiart be ascribed to 
failure to make a thorough examination of the central nervous system 
in routine autojisy work. Gliomas of the human subject are nou- 
adays being elaborately classified. It seems doubtful whether with 
our limited experience of gliomas of the lower animals, in all (includ¬ 
ing my own) some nine povssible cases, that the time is ripe for the 
a])])lication of such a detailed classification to the lower animals. 

A Note on the Melanin-pigmented Neoplasms. 

Much confusion surrounds the problem of the histogenesis and 
classificatioji of melanin-pigmented tumours and in spite of the large 
literature which surrounds this subject we cannot reach final con¬ 
clusions until Ave know accurately the genesis of cells carrying 
melanin pigment and the metabolism of melanin in the body. Com¬ 
parative pathology has imiortant material to contribute to this 
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siudy, lor iiielanotii* neoplasms are common in seveial species of 
domestic animals and are known in practically all. Two types of 
domestic animals aie especially Irequently the subjects of melanotic 
tumours, viz. grey horses, in which the incidence is such as allows 
one almost to predict that every sucdi animal xvhich lives long enough 
is fated to develop these tumours; and the Angora goat, the high 
incidence of melanotic tumours in which has been disclosed by iJie 
work of Thomas (1929) in this country. The term melanoma, applied 
lo tumours of which the cells are melamqdiorous, is ot course a con¬ 
fession of ignorance and it is ])n)bable that under this category are 
included tumours ot difl'erent histogenesis and certainly composed 
of dissimilar cells which have little in common beyond their content 
of melanin; when w’e reflect that in these cases we are largely 
ignorant of whether tin* iiigment i.s being produ(*ed by tlie cellM or 
merely taken uj) by thein, it will be seen that we are here following 
the undesirable principle of naming tumours by secondaiy or inci¬ 
dental features of their j)athology (much as one might, ill-advisedly, 
group together all tumours the cells of which contain fat globules, 
a feature whicJi uiighl owe its origin to very difVeient causes in 
different cases). 


It has long been known that of the jnelanomas some are com¬ 
posed of cells whicdi have an epithelial-like mor])holog> and habitus, 
while others are cojuposed of cells which in these res])ects resemble 
more the derivativ(*> of the juesenchyme. This phenomenon has been 
iwrelated with the occurience ot melanin-pigmented cells among 
ejiithelia and in the und(*rlying connective tissue. The tinuours 
referred to have therefore been termed melanocaicinomas and 
melanosarcomas lesjcectively, although tliere are those who believe 
that the melanotic cells to be found in epithelia (e.g. in the sfratvm 
haanlc of the e])idermis) are not equixalent to their m)n-])igniented 
neighbours (the basal cells), but have come into that layer of cells 
secondarily. Whetlier or not the occurrence of melanotic cells of 
similar mor|dioh»gv tr) the basal epithelials among which they lie and 
the occurrence of melanotic tumours which in architecture and 
cytology piesent similarities to e])ithelial tumours is accej)ted as 
proof that epithelial cells can manufacture melanin, the finding of 
various grades of pigmentation among tumours like acanthomas, 
knowui beyond question to be of ectodernud derivation, shows that 
tumours (‘annot be ac(‘urately discriminated on the mere basis of 
melanin (‘onteiit of the cells. Tn animals j)igmented acanthomas 
have been re(*orded by M(*Fadyean (1890) for the horse, and in this 
w(irk such a iumour has also been described (Equine, —see 

Chapter II); McGowan (1928) has recorded melanotic tumours of the 
fowl, one of which was considered to be epithelial in nature (arising 
from the nu nihrona (/ranuJosff of the Graafian follicle) and others of 
which were of sarcomatous nature; in swine melanotic tumours, which 
were considered to be iiielaiio-epithelionias arising from the afrntum 
hasaJf* of the epidermis and in w hich an alveolar arrangement of the 
cells w’as present, have been described by Caylor and Schlotthaiier 
(192()); in the goat the occurrence of tumours considered to he 
melanotic epitheliomas and which apparently are very similar in 
morphology to those mentioned in the pig have been carefully studied 
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by ThoniavS (1921);. The^e tumours were considered by him to repre¬ 
sent pigmented huso-cellular carcinomas; but although their epithe¬ 
lial nature is apparent, the propriety of this tei'minology is open to 
doubt. It will be seen, therefore, that pigmented tumours of epithe- 
liomatous nature—in contrast with those of sarcomatous nature (and 
which are found most frequently in the horse)—occur in most species 
of domesticated animals; and that in consequence, in the words ot 
AIcGowan “ two types of melanomata—mesoblastic and epithelial— 
occur In these epithelial or apparently epithelial neoplasms, not 
only cells of epithelial nature bear pigment; as is well known, tliere 
occurs in the stroma a second type of cell—the “ melanophore as 
opposed to the “ melanoblast ”—of mesenchymal nature, correspond¬ 
ing wdth the cells of melanotic sarcomas, but in this case not neo¬ 
plastic,. The fact that the melanotic < ells whic h liave been grown 
in tissue culture by Grand, Chambeis, and ('anieroii (1935) showed 
only mesenchymal-derivative chaiacteristics does not help us in this 
problem, because these observers were dealing with cultures ot 
melanotic sarcoma and it still remains possible that, could the cells 
of melanotic carcinomas be grown in (uilture—a procedure which could 
not be accomplished by Caylor and Schlotthauer (192(5)—furthei* 
proof of the epithelial nature of the cells of this class of pigmented 
tumour might be forthcoming. 

The Ouderstepoort material has not been of a nature to favour 
elucidation of these problems of melanotic tumours and melanin- 
metabolism, except in the case of the caprine specimens, which have 
already been reported on by Thomas. Other observers, with far more 
material, have been and are in a better position to take up this study 
in the remaining species of animals (see the re(‘ent review* of 
McFadyean, 1933, on (equine melanomatosis). We are here concjeriied 
with the pigmented tumours only in so far as to indicate their occAir- 
rence in South Africa and the difficulties of classification which 
exist. 

The occurrence of a large nuiiilier of c*ases of eciuine nielanonut 
(inelanosarcioma) in the collection is of little further interest here. 
The appearance of these tumours in an equine population is well 
knowm to be dependent on the proportion of grey animals, althougli 
the tumours are not strictly c-onfined to animals of that colour. A 
large numbers of cases of these melanotic skin tumours are not sub¬ 
mitted as specimens, because not only is the diagnosis obvious, but 
little further information than is already known can be gained by 
straightforward study these tumour cells, w’hose character is 
largely concealed by "their most excessive pigment-content. Among 
the other species, melanotic tumours occ urred most frequently in the 
goat (40 per cent, of all caprine neoplasms). It is of interest to note 
that these melanotic epitheliomas of the goat are not confined to 
the Angoras, but also occasionally occur in other varieties (e.g. the 
Sw iss milch type); they have not how*ever been encountered in other 
ihan white goats. In the dog w*e have encountered five cases and 
in the })ig two. A melanotic tumour of the cal was found on micro- 
8cx)pic examination to be a basal-cell epithelioma and is described under 
that heading (Feline, 14021). As has been mentioned, a pigmented 
ac|anthoma was also found in the horse (Equine, 15312), as well as 
pigmented epithelioma without specific tendencies. Both these 
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tumours affected the conjunctiva. The canine tumours had much 
the same morphology as the human melanotic skin tumours, ranging 
from “ naevi ” to definitely un.ai)lastic neoplasms. Although groups 
of cells occur fairly well demarcated by the connective-tissue stroma 
anil as a rule conneciive-tissue fibrils do not pass between the indi¬ 
vidual cells, these neoplasms liave not a definitely alveolar or epithe¬ 
lial architecture and they do not fall readily under either of the 
types, melanotic (*arcinoma or melanotic, sarcoma. In the cases in 
pigs, much the same a])|)]ied; and apparently neoplasms of the 
ej)itheliomatoid ty])e eJicountered by Oaylor ajid Schlotthauer, in 
Duroc Jciseys only, are not re])iesentcd among our material. 

For the stiidy of uhat are usually regarded as typical Jiielaiioiic 
e])itheliomas, liowever, the ca])riiio mateiial j)reserils an unrivalled 
\\ealth of sjaaimeus. Tln^se tumours, as has been described by 
Thomas, aie m) strikingly e])ithelial in nature that one is teui])ted to 
classify theta will* the e])ithelial neo])lusms, as has l)een doiie in the 
case of the pignumted e]»Itheliomas from the horse and the rat. Yet 
it is i)o.vsil)le that the last vvord has not i)een said rei»anling their 
epidermal derivation and one would prefei to await the final results 
of the theory which refers tlio origin of melanotic, tumours to the 
tactile end-orgaus of the skin before committing oneself in this 
respect. In favour of their epidermal origin are the following facts: 
their occurrence in a vaiioty of animals in which neoi)lastic ])rolife- 
ration of the ei)idermal cells and their derivatives (acanthomas, 
sebaceous neoplastic proco'^ses) are eipially common, and at the same 
sites of predilectioji (head, ears, perineum); the o(‘yurrence in such 
close association \iith acanthomas as to lead to “ collisions ’’ of the 
two neoplastic tissues, pioducing a ty]»e of mixed turnonr: (this 
question has ])een discussed by Thomas and is also referred to in 
more detail in the discussion (»f the mixed neoplasms in (Uia]>ter X): 
the occurrence (»f early lymjdi-borne metastases; the actual architec¬ 
ture of the tumour, especially tlie alveolar arrangement of the cells 
(clearly demarcated fnnn the coiuiective tissue and lying in solid 
groups or continuous strands); and the actual cell morphology, 
closely resembling epilbelium of epidermal derivation and showing 
anaplastic changes (dosely similar to those which one may en(‘oiinter 
in acanthomas. My views on the (|Uestionable desirability of classing 
these tumours as basal-cell carcinomas have already been mentioned 
(see Cha])ier II). Ignorant us we may be of the histogenesis of the 
Imsal-cell tumours we neveitheless understand by that term a very 
definite (linical and pathological entity, characterised by a limited 
invasive ca])acit\, by absence of metastasis('*), by columnar-shaped 
cells of very uniform morphology, by lack of anaplastic cellidar and 
nu(‘leaj‘ changes, and usually by absence of formed products, e.g. 
pigment, from tlie cytoplasm. From such tumours it would seem 
imperative, on clinical grounds alone, to separate the readily- 
metastasizing and infiltrating caprine tumours, which are further 

Tliere arc those who, m my opinion with much jiistification, hold 
that the fa<*t of metastasis in a tninoiir at once preeliides its claim to be 
considered as a basal-cell epitlielioma. Reports of metastasiziny; basal-cell 
carcinomas have boon found, on analysis, to concern tumours transitional 
between acanthomas and basal-cell carcinomas, and acantboinatoua characters 
are likely to be pronounced in the secondary lesions especially. The literature 
on this question is to be found in the publications of Darrier and Ferrand 
(1922), Montgomery (1918), and Niles (1931). 
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distinguished hy their pigmentation, high degree of cellular ana¬ 
plasia, and a very different cell morphology. It is not too much to 
say that between the basal-cell tumours and the pigmented caprine 
tumours there is nothing in common beyond their occurrence in the 
skin and our ignorance of their exact genesis. 

It is hoped, in co-opeiaiion wiih Dr. A. J). Thomas to under¬ 
take further investigaiion of Ihese cajniue tumours at a later date. 
Meanwhile I have indicated some of the problems that have 1o be 
faced in the classification of the j)igmented tumours for the purjujses 
of the Onderstejjoort type-collection. 

Tumours of Muscle. 

Rhabdomyomata are not rejiresented in the ()nderstepoort col¬ 
lection. 



Fio. 153.—Leimyoma of the ovidiioal ligament of the hoii: Tin* myoid nature of tlio neoplas¬ 
tic tissue is obvious to tjiie nakeU-eye. (14700; 2/3 X.) 'Reproduced through 
the courtesy of the Editor of Farming in South Africa. 


The great majority of leiomyomata occurred in fowls, in which 
the common occurrence of these tumours is well known. The most 
usual site is the ligament of the oviduct (I'ig. l^ij) or the oviduct 
(often the uterine portion) itself (14 cases). In one case the ovary 
(see Fig. 154),ovarianbursa, and proctodeum were affected by multiple 
leimyoma fihrosjiui (“ fibromyoiua *’), This ovarian “ fibroid ’’ was 
very large, weigTiing approximately 2 lb; in another, both ovary 
and oviducal ligament were involved by a leiomyoma. In a large 
])roportion of leiomyomata the blood-vessels of the stroma are very 
prominent {leiomyoma haemangiomafosinn ): these tumours were not 
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Fig. 154,—a large himayoma fibromm (“fibroid”) of the ovary of a bon. The tumour 
weighed about 2 tb. (Reproduced through the courtesy of the Editor of Farming 
in Smflh Africa), 
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considered to be mixed neoplasms (haemangioleiomyomata), and all 
gradations in vascularity exist to the ordinary leiomyomas. As has 
been discussed when dealing with the ejnthelial tumours of the avian 
genitalia and as will be mentioned again in Chapter X, a leiomyoma¬ 
like moiety accomimnies many adenoid carcinomas {carcmoma 
l&iomyomatomm) and we w*ere not inclined to consider these as mixed 
neoplasms; further, it was also pointed out that not every neoplasm 
composed of smooth muscle can be regarded as a leiomyoma in the 
fowl: such nodules may be implantation luetastases of a carcinoma 
leiomyomatoavni in which, accoiU])auied by great proliferation of the 
muscular stroma, the epithelial elements have undergone regression. 
The total number of leiomyomas encountered in fowls was 14. ()n 

the other hand only two smooth muscle tumours were found in 
mammals; multiple leiomyomata of the urinary bladder of a goat 
(14142) and a malignant leiomyoma (*' leiomyosarcoma ”) of the 
vagina of a bitch (Canine, 16*110). 

The structure of tumours of muscle is well known and details 
will not be entered into in this text. 

A Note on Tumours of the Aduenai. Gland. 

Tumours of the adrenal have long presented a problem in classi¬ 
fication to which the somewhat limited material in the Ondorstepoort 
collection cannot be expected to furnish any final solution. I'hese 
tumours have long been treated as a grouj) apart, recognised under 
the name of hypernephroma. In recent years there has been an 
imueasing tendency to restrict this term to tumours of the adrenal 
cortical elements, those arising from the elements of the medulla 
being terpied phaeochromocylomata or neiiroblasloinata, etc., accord¬ 
ing to their nature and that of the stage wdiich has been reached ifi 
the differentiation of the iieuro-ectodermal elements frojn which they 
arise. It has also become customary to atiem])t a division of the 
(cortical) hyj)erne|)hromas into benign and malignant ty])es: some 
authors (e.g. Geschickter, 1965) identify these with adenomas and 
carcinomas respectively. Theje is, however, at least to the student 
of coini>arative histology and oncology, a grave objection to this 
terminology, because it carries with it an admission of the epithelial 
nature of the cortical elements and of the neoplasms derived there¬ 
from. But the fact is that these peculiar cells, of mesodermal 
derivation, are by no means clearly of such a nature, and it is well- 
known that, in domestic animals at least, intercellular fibrils are 
demonstrable in the adrertal cortex, a circumstance which, strictly 
speaking, is inconsistent with the e])ithelial nature of these cells 
(see Chapter II). Even if, for the ])urp 08 es of normal histology, one 
is, on account of the not very obvious nature of these reticAilum fibrils, 
willing to overlook this incompalability, in com])arative oncology 
one is soon confronted wuth the difficulty <»f tumours, clearly of 
cortical origin, of which the cells are quite clearly related to fibro¬ 
blastic elements rather than to epithelium. This‘ dual potentialitv 
of the cortical elements was long ago recognised by Adami (1910) 
and by Woolley (1902), who therefore spoke of cortical tumours as 
mesotheliomas The latter author showed that an apparent 
adrenal carcinoma may have sarcomatous metastases. This being 
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Ihe case, we sliould not be willing** as yet to follow the more recently 
ur^ed nomenclature of tumour jiatholoj^y and should rather, for the 
time beinj^*, be content to place these neoplasms in a separate categ^ory, 
practical difiiculties being* oveniome by speaking* simply of benign 
or malignant (cortical) hy])erne])hromata, as the case may be. 

In the assessment of localised enlargements of the suprarenal 
arise difficulties in distinguishing between congenital anomalies or 
displacements, localised hy])erplasias, and benign and malignant 
rumours which are in many resj)ects comparable to those with which 
the study of hepatic and thyroid neojdasms has ma<le us familiar 
(Cha])ter IV). Here again, there is little doubt that a strict separa¬ 
tion of such ]irocesses may, in atypical or intermediate cases, result 
in an artificial classification. Tet, so far as is possible, the attem])t 
has to be made. 

Lesions considered to be accessory cortical nodules (more 
frequently in the literature actually described as tumours) as well 
as localised hyperjdasias have not been included in the statistics. 
Accessory mxlules of cortical tissue, usually described as lying within 
the adrenal capsule or without the adrenal, may also occur within 
ihe (cortex or even in the medulla of the gland. Many of such 
nodules, if serial sections be cut, can clearly be seen to have arisen 
as invaginations of the cortex, and these consist of a (entral core of 
connective tissue (representing the ca])sule) which is surrounded in 
turn hy the various layers of the cortex, the retic^ularis (now* the 
outermost) being circuinscribcMl but not encapsulated from the normal 
cortex or medulla (as the case may be) into which the invagination 
has (xjcurred (Fig. 155). Other of these nodules are very similar in 
>tructure, Imt do not have their layers inverted and are therefore 
demarcated peripherally by a cajisule. Their existence might be 
explained as a growth of other cortical elements around the area 
which comes to form the nodule, or as a disjdacemeiit of less differen¬ 
tiated cells inlo the deeper layers, in other w^ords ihe result of nothing 
more ihan a mistiming or lack of synchronization of growth- or dif- 
terenliation-rales in various purls of the developing organ. There is 
nothing in either of these types of lesions, save their naked-eye 
apj)earances, to suggest a iiecjplastic ])rocess: they lack the usually 
accej)ted criteria of true tumours; in minute structure there is no 
departure from the uormal and the surrouinling tissues do not betray 
evidence of growth pressure. It is not <lesirable, therefore, to identity 
these nodules with neoplasms, the more so since there do exist 
enlargements of adrenal cortical type to which the term adenoma 
may, quite fittingly, be applied. Localised hyperjdasias of the 
cortical tissue are also to be distinguished from tumours: typically 
they lack encapsulation, do not exert a growth piessure on their 
surroundings, often occur in multijde form, and structurally, do not 
depart significantly from the normal; in other words they lack the 
characteristics of initonomous growths and are the reflection (cf. the 
liver and thyroid tissue) of an inherent ])ropeusity for a vigorous 
rejMiir of damage which the cortex may suffer. There are however 
intergrades (again compare the liver and the thyroid) in which dis¬ 
crimination from neoplasms may be somewhat artificial. 
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Fia. 155.—A no:lule consistiog of an invagination of cortical tisaue in the a irenal medulla 
ot a goat: The order of the cortical layers in the focus is reversed, i.c. centrally 
a core of connective tissue (capsule) then an indistinct zona arcuata, while the bulk 
is constituted by a z. reticulata which (left top corner and right bottom comer) 
abutslon the medullary tissue of the gland. (15755; 110 X). 
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After elimination of lesions of the two above-mentioned types 
from our hyi)ernei)hroniata, the Ondersteimort eollectioii contains 
only ten eAami)les of true adrenal tumours. These readily fall into 
the accepted classification: — 

1. {Cartical) Hypvrnephromas. 

Of ei^ht (‘ortical tumours, six aie regaided as benign and two 
as mafignant. 

(a) Jimif/a Tvnwvrs ,—Two of these occurred in horses, two in 
wsheep I a species in which the oc,curreri(‘e of adrenal tumours has for 
the first time (as lately as 1931) been mejitioned by FeldmanJ 
and two in oxen. All these tumours were encaj)subUed nodules, 
causing comJ)l‘es^ion of the surrounding tis*iue. One bovine tumour 
(5925) bore much resemblance to the first equine case to be mentioned, 
ladng of the 7ona rcticulans tyj)e and showing an almost identical 



Kn:. iri6.—Structure* of a Kpincilc-cclIiMl cortical hypenieplirouia of the adrenal of the sheep. 
(i;i867; 180 y). 

hei‘nia ” through the capsule at one }K)int. One of the equine 
tumours (]I2o7o) was characterised by an excessive lipoid content 
oi the cells which, ai)art from a resulting metdianical compression 
of their nuclei, showed no significant differen(*es from the 
normal elements of the zona reticnlaris. At one point the capsule 
was deficient, and what might be described as a small hernia of the 
neoplastic tissue ju’otruded into the adjacent cortex; it lacked signs 
of invasive growth, however, and did not lead one to doubt the 
benign nature of the tumour. In the other equine case (5570) both 
the zona reticvlans and th.e zona fascicvlata were imitated in different 
parts of the tumour. In the ovine cases (10054 and 13807) the cells 
were almost exclusively of spindle shape (Fig. 156) and one could 
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not here speak of ‘‘ adenoma " without oonveying* a misleading 
picture of the histology. The cells of ihese sheep tumours are clearly 
closely allied to liliroblasts and show little if any epithelial characters. 
Although there is considerable variation of nucdear size, other signs 
of anaplasia are lacking and the mitotic index is nil, so that there is 
little justification for misinterpreting them as sarcomas. Occasional 
cells show the presence of intranuclear inclusions of the type con¬ 
sidered to be derived from nucleoli, otherwise the nucleoli are not 
enlarged. There are no signs of invasive growth. In the one case, 
however, encapsulation failed at part of the circumference and here 
the neoplastic tissue blended gradually with the normal, reminding 
one of a hyperplasia rather than a tumour. Both neo})lasm and 
adrenal tissue are infiltrated by eosinophiles. These lesions have 
characters that remind one of embryonal ty])es of tumours (cf. those 
of the breast and the foetal adenoma of the thyroid). ()ne feels, 
in view of this and of the presence of nuclear “ inclusions ”, that 
the possibility that tliese tumours may be in an iucii)iently malig¬ 
nant stage and might have progressed to malignancy in course of 
time must be borne in mind. On the other hand, the peculiar nature 
of these lesions with their superficially sar(‘omatous appearance, lack 
of anaplasia (except for disorderly arrangement of the 
cells), and eosinophilic infiltration tempt one to ])oint 
out their similarity in all these respec'ts to the c'ontagious equine 
>arcoids (see Chapter X). The possible siguificanc'e of such an 
obscure relationship will not, however, be pursued here any further. 

(6) Malignant Tiimonrs, —Malignant (c'orticul; hypernephromas 
were found in one bovine and one equine. The c‘,ase in the horse 
(12614) was acconijianied by metastasis to the mesenteric* lymph* 
nodes, and the wall of the vena c^ava (lym])haUc.s of the adventitia) 
was also invaded. The cells were of a single tyi)e, apparently epi¬ 
thelial in character, bore no resemblance to the medullary elements, 
and were arranged in thic^k solid chords separated by a delicate ca])il- 
lary stroma with little collagen. The mitotic index was high. The 
bovine case (15650) was, histologically, a (false or embryonal) mixed 
tumour, which is conceived as being derived from the corticogenic* 
mesoderm: it consists of both epithelial-like elements of the cortical 
type and fibroblastic elements, as well as transitional forms and 
endothelioid cells (see Fig. 157). An interesting feature of this 
tumour is the simulation by some of the outlying alveoli of the neo¬ 
plastic parenchyma, of a zo7ia glomervlom, a structure which is 
absent from the normal adrenal cortex in the ruminant. 

2. Plweochroinovgtoma. 

Two certain cases of these tumours occurred—in a bovine (8262) 
and an equine (13449) respectively. The equine case was easily 
recognisable as a (clinically) benign tumour com])C)sed of neoplastic 
phaeochromocytes. As Babin (1929) has painted out, the cellular 
anaplasia to be found in these tumours as well as the ocaurrence of 
numerous bl<MKl-c*hannels lined directly by neoplastic* cells are not 
to be regarded as signs of malignancy. He refers these features to 
a natural growth-mode of the cells. In the liovine c’use similar 
circulatory channels were present, but contained more lymph than 
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blood. In a third ease (in a bovine, 4196) the diagnosis of phaeo- 
ehroraoeytoma remains a mere ])robabili1y: oalrifie ehaiiges 
(“ psanmioma ”) have overtaken the greater part of the tissue avail¬ 
able for examination, which has also suffered changes from long 
preservation (over 11 years). 



Fig. 157.—Embryonal cortical liyponicpliruma of the ox : Gnm'th largely of a sarcomatous 
type; above, right, the tumour capsule which is invaded by neoplastic tissue 
simulating a zona glomervlosa, (5576 ; 60 X). 
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A Note on Tcmovrs (composed of the Elements of the I^ymphoid 

Tissx'k, and on Ti'MoriLs AND Neoplastic Diseases in which 

THE PeECUUSORS OF THE BloOD CeLLS PaII IK IPATE. 

A. The Foirl. 

In the bird, the (ilassificatiou of iieopUistit* ]U‘o I iterative pro¬ 
cesses involving the blood-forming elements prosenis serious diffi¬ 
culties, for the following reasons: — 

1. All gradations occur between more or less discrete neoplastic* 
enlargements of this type and more diffuse affections of the organs 
and tissues in which one cannot speak of primary growth and 
secondaries or in which no actual tumour is formed. Y^et these 
different appearances obviously are closely related and it is not 
XK)ssible, except in the extreme cases, satisfa<*lorily to differentiate 
between neoplasms and leucoses 

2. From the aetiological standpoint there is as yet no agreement 

as to the relationship between the three varieties of neoplastic j)ro- 
liferative processes in which different bl(K)d-cpll lineages are con¬ 
cerned. To-day the weight of evidence is in favour of the iion- 
transmissibility of lymphoid leucosis (Furth, Feldman and 

Olson, 1934b and of the transmissibility j)lus inter(*hangeability of 
myeloid and erythro-leucosis. There are, however, still several 
authorities wdio believe that lymiihoul as well as the other two forms 
of leucosis is transmissible by cell-free filtrates (Elleiuian. 1921), 
aud others wffio believe that interchangeability of leuc()M*s with sar¬ 
coma of the Rous ty])e (Furth and Stubbs, 1934), and even with 
lesions called endothelioma may be demonstrated (Furth, 
1934). For the present, how^ever, we may hold, as a 
w^orking plan (a) ttiat lymphoid leucosis is non-transmissible 
and aetiologically dissimilar to erythro- and myeloid leucosis; (/;) 
that the latter two are interchangeable, i.e, tliat with (ell-free 
filtrates of the one type one can produce the other t>pe of disease; 
(c) that the aetiological relationship o'f leucoses and sarcomata can¬ 
not be regarded as satisfactorily elucidated, but tliat an excellent 
case has been made out for further investigation. The difficulty 
w’hich hampers this tyjie of investigation and whicli may seem 
strange to those wdio have no experience with avian neoplastic jiro- 
liferative processes, is that the extremely high spontaneous in¬ 
cidence of these diseases is such as to lead to incoiH'lusiveuess in all 
but the most elaborately controlled transmission ex])erimenTs. 

3. Although in erythroleucosis no actual tumour is formed in 
tlie body, the cell proliferation being confined to the blood-stream 
and the neoplastic elements being therefore and by their nature un¬ 
able to cohere to produce dis<jrete enlargements, yet the aetiological 
identity of this disease with myeloid leucosis and the grading of the 
latter from diffuse proliferations into discrete tumours (myelo(*y- 
tomas) makes any discussion of neoplasms which treats of myelo- 
cytoma ” but neglects myeloid leucosis a highly artificial one; 
similarly, it does not seem to me to be advisable to attempt a rigid 
distin(*tion betw^een “ lymphosarcoma ” and “ lymphoid leucosis ’b 
there being all intergrades from the cases in which one can speak of 
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a primary tumour and trace its inetastu.ses, lo tho.>e in which multii)le 
foci occur iij many difi'erent oif^atih, none apparently of a .secondary 
nature. 

Under the.se ditiicull circumstances, it has seemed advisable, if 
any mention at all is to be made of such diseases in fowls, to deal 
wiili them all. Although the (Jnderstepoort collection contains a 
lai^»e number of specimens of these cases the material has not betui 
l)articularly suitable for patholopfical study, because blood examina¬ 
tions were not Jiiade at the time. It is, therefore, not ])roposed to 
do more than to ^ive a .short account of the occurrence of these condi- 
liojis in South Africa. 

Malignant lymphoc> toiiia (iyiiiidioblastoma), Jiicludinj? lymphoid 
leuc.osis, is by far the commonest neoplastic disease of fowls in South 
Africa, the collection actually containing? spe< imens of 91 cases, as 
well as one case in a (urk(»y. In the majority of these cases no autopsy 
was performed; one sim])ly received fra<>*ments of one or more organs 
pre.served in formalin. The imthology of these lesions is w’ell known: 
one may encounter solitary jiriniary tumours composed of the colls 
known as lyinjdioid haemohlasts (lymidioblasts, large lymphocytes, 
haemocytohlasts, haemohistioblasts, lymphoid wandering cells, etc., 
etc., according to ditferent aulhors) sus|>emled in the meshes of a 
reticulum; or similar primary tumours ap}>arentl> with blood-borne 
metastases, or organs affec ted by lymphoid leu<‘o.sis ’’—especially 
the liver (Fig, lo<S), kidney, etc. The large discrete tumours may 
be touiid atf'ecting ilu* skin, ovary, lung (Fig. fo9), cloaca, etc*. 
These tumours have been known under various names, in the older 
literature being idassed as saicomas (lound-celled sarcoma, sarcovm 
//lohocclhtl(irf\ lympliosai'coma) and most of the older statistics for 
the oc(‘iirren(*e <d sarcomas in fowls included these tumours with the 
true sarcomas (e.g. fibiojilastic sarcoma, “ mived-celled ’’ sarcoma, 
HJNXoplastic sarcoma, etc.): such figures are therefore not directly 
comparable with more modern oiie.s, where there has been a very 
general agieemeiit to tieat of tumours ot lym])hoid cells as a class 
apai’t from those (d‘ connective-tissue cells. The incidence of the 
neoplastic di.sease under discussion appears to vary widely: through¬ 
out the (iernnin literatuie we read of its veiy common occurrence 
(cf. doe.si and Finesti, 1910, IVntiiiialli, 191(1, Malke, 19^10; also 
I'yzzor and Ordway, 1909). while McCiowan (19‘JS), in an extensive 
study of nc'oplasia in fowls mentions that he failed to encounter a 
single case. Almost all the earlier workers termed these tumours 
“ round-celled .saM*oinas This term is to-day much out of favour, 
e.specially in the case of birds. 

Myeloid leucosis and myelocytomas are, on the contiary, among* 
the rarer diseases of fowls in this country. We have encountered 
only throe cases, two of wdui‘h existed as collision tumours with 
mixed-celled '' sarcoma of the ovary; one of these has been 
reported together wulh the sarcomas (Fowl, lolOO) in Chapter VII. 
As wavS mentioned there, it seemed that in this case one was dealing 
with a myelocytoma in the narrower sense: it appeared to be primary 
in the ovary while the secondaries were rej)resented by baemato- 
genous metastases to the epicardiiim and by multiple implantations 
on the abdominal serosae. Xot only the two primary tumours but 
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PYa. 158.—LymphocytomatoHis (lymphoid leucosis) of the liver of the fowl. (10351; 

natural size). 



P’lG. 169.—^Thoracic wall of a fowl showing lymphocytoma of the lung attached to the ribs 
and infiltrating the musculature. (15962 ; 2/5 X). 
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also their iiiiplujitaiions hail uiiderjyoiie “ collisions ” aud iiiter- 
iiiin^lin^ of their tissues in places. IlisUdooicully, the disease in 
qiieslioii consists of proliferations of Jiiyelooytes and there may in 
sojiie cases he a niyelo»enous leucaemia. It is surprising? that no¬ 
where in the literature can one find a more accurate identification of 
the cells concerned. It seems usually to l)e assumed that they are the 
neoplastic counterparts of ti ue eosinophile myeloeytes, because their 
granules aie UMially rounded. This conception is erroneous. 
Aetually the cells are pseu(loeosinoj)liile myeloeytes, the precursors 
of those granuloeytes of the fowl which have rod-shaped (sinndle- 
shaped) granules. The confusion arises because of the failure to 
realise that in the earlier myelocytic stages the iisendoesinophilic 
granules are rounded, only becoming rod-shajied as the cell matures. 
Snell rounded |)seu(loeosinophilic granulations can be distinguished 
from the true eosinophilic granulations because the former (i) aie 
coarser, (ii) some of them are actually basophilic in reaction, 
develo])ing eosiiio])hilia at a later stage, and (iii) because on close 
examination a tendency can often already' he seen to a slight elonga¬ 
tion of tlie grannies. For those who have difficulty with this con¬ 
ception it i^ esM'iitial to unilertake a study of normal avian red 
marrow, when the above features will readily be determined; it must 
be borne in mind however that in the marrow true eosinophile myelo¬ 
cytes for comparison are often somewhat difficult to find and must he 
searched for. It is apparently for this very reason that those exam¬ 
ining avian marrow and expeiting readily to find precursors of both 
types of the gramilocvtes which have eosino])hiUc granulations, go 
astra\ by identitying as their precursors cells with round granule> 
and cells with rod-gran ales respectively, both of wdiich are in reality 
stages in one and the same line of descent. | The pseudoeosinophile 
myelocytes are also favourably to he studied in the blood of the 
ostrich in which tlu»y circulate in the ai)]»arently normal adult(^)|. 

Five eases of erythroleiicosis ha^e come to onr notice in this 
country. Doubtless many more oecui than is indicated by this small 
number, hut the clinical diagnosis as w’ell as the macroscopic 
diagnosis at ]iost-mortem being by no means readily made, and no 
actual tnnmnrs occurring, sjiecimens and blood sjuears are not often 
submitted to this De])artinen1. 

H. Mommah. 

Til regard to this class of animals, very similar if somewhat less 
acute difficulties occur in the classification of the tumours we are 
considering, and the neoplastic nature of leucaeniic diseases still 
remains a mattei* of controversy. There is to-day, how’ever, a strong 
tendency to identifs leucaemias as neoplasms of the circulating blood 
and to take cognizance of them in discussions on neoplasia. We 
cannot ho])e to arrive at a .satisfactory classification of these diseases 
in animals, modelled on human nosology, until such time as advance 
of knowledge shall purge the latter of its truly dismaying confusion. 


For the opportunity to make this obsen ation 1 am indebted to 
Mr. 0. T. de Villiers, M.TllC.V.S.. who asked me to identify these immature 
cells in the preparations of ostrich blood made by liim. 

843 



IJIUCOTIC TUMOURS. 


Very few of these tiiiiiours have been found in this country: — 
Tumours composed of lymphocytes (lymphosarcomata) have been 
found in oxen, sheep and dogs. Lesions of this type fiom two sheep 
(Ovines, 5579 and 9196) one ox (Bovine 5124) are contained in the 
collection. Three of the cases in dogs, the lesions of which have been 
described in this country by Fourie and Ziehn (1930) as lymphoid 
aleucaemia, viz. a generalised lymphosarcomatosis, have been en¬ 
countered. One of these cases has been fully dealt with by those 
authors and the others are similar in all respects to what they 
described. The material obtained from oxen and sheep, usually con¬ 
sisting of a single lymph-node or a tumour arising therefrom, is 
unsuitable for study except from the purely histological aspect. 
Autopsy and clinical records being lacking, even the diagnosis must 
remain vague. Ifeoj)lastic conditions involving myelocytes have not 
been encountered in mammals in South Africa. 


344 



CnAPTKR X. 


The Mixed Tumours. 


A MiXKJ) lunidur may bo rlefinod a.s oiio which is composed of 
two or more iieo])lastic (dlular moieties. Mixed tumours are 
denoted by the compound terms of oncoloprical nomenclature; but, 
as has been remarked jireviously, such compound names have unfor¬ 
tunately been apy)lied also in the case of simple tumouis, in order 
to describe what is noth in" more than a "l owth-niode; here a qualify- 
iii" term is jireferable to describe the tumours in cjuestion, e.". 

adenocarcinoma ” (a simple tumour) is better called carcinoma 
ndenoidcs, and ‘‘ fibrosarcoma ”, sarcoma fihroplasfirttm. Disiniss- 
inpr from our discussion tbis j»tou]> of tumours which, although neither 
histologically nor pathonenetically mixed tumours, have been called 
by names su^»‘^estive of siu*h tumours, we find that a series of com¬ 
pound names remain which denote Iwo chief f^roujis of tumours, one 
of whi(*h comprises mixed neoplasms and the othey of which bears a 
mere superficial resemblance to mixed neoplasms. 

1. These TUMoras nEAinx<; a merk STRi rn uAJ. RESKMimAXCK jo 
A iTXKi) NEOPLASMS must be excluded from that catepory. They com¬ 
prise those resultinp* 

(^) from a secondary (” mefajilastic ’*) chanpe in the stroma 
of a sim])le tumour, e.p-. “ osteocarcinoma ” or osteo¬ 
plastic (*ar(‘inoma ”, lietter called ” (‘arcinoma with 
secondary osteojdasia ” (resultin" from a non-neoplustic 
deposition of bone in the stroma of a carcinoma); , 

(b) from ex(*essive development of the stroma of a simple 
tumour as the result of the desmoplastic action of the 
neoplastic cells on their 8up])ortin" elements; e.p:. 
‘‘ mlenofibroma ” {^adenoma fihrosvm), fibrocandnoma 
{.-carcinoma scirrhosvm). It may, admittedly, be <lifficult 
to draw a shar]) line between these cases and those in 
which the stromal juoiety reaches a dep*ree of [U'oliferation 
and disorderliness indicative of autonojnoiis prowth, i.e. 
an inde]iendent im|mlse to jiroliferation. This difficulty 
need not surprise us; it is merely a somewhat moie com¬ 
plicated variant of the familiar dilemma which confronts 
us when we attemf»t to demarcate the border between 
hy])erplasia and neoplasia : ju>f as we have to decide in 
the case of ])roliferations of a sinple cell type whether 
we are dealinp with hyperjdasia or neoplasia, so we have 
here to assess whether we are dealinp* with a simple neo¬ 
plasm whose stroma is hyperplastic or with a mixed neo¬ 
plasm (whose stromal moiety has actually become 
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neoplastic). Into the class of tiiinours that we are con- 
siflerinf** I have already indicated jny inclination to ])lace 
the leioniyomatons carcinomas of birds. In this case one 
has to deal with a stromal moiety of umisnal nature, viz. 
smooth-imiscle tissue, whi<*h has been stimulated by the 
jiresence of the neoplastic einthelial elements to excessive 
(apparently almost to the point of autonomous) prolifera¬ 
tion. This difficult problem is fully discussed in dealin”* 
with the tumours in (piestion ((Miapter 111), and 1 am 
open to correction in my decision to exclude them from 
the (‘ate^fory of mixed neofdasins. Here the difficuHy of 
distiufjruishin^? between hyperplasia and neoplasia is 
encountered in a very acute form, and it is noteworthy 
that in avian ])atholo^y we meet examples in the literature 
where observers were unable to decide with certainty 
whether they had to deal with local hypertrophies of 
smooth muscle tissue or wnth benifiii neoplasia (i.e. leio¬ 
myoma), w’here only a single cytolo^^lcal ty])e came under 
consideration. When (if ever) w^e should arrive at a satis¬ 
factory miterion whereby hyi)erplasia of smooth muscle 
may be sharply distiiifruised from leiomyoma in avians, 
it would be time to carry this discussion further. 

II. Mixed neoplasms (in the strict sense and as defined above) 
are, on an analysis of their pathog'enesis, seen to fall into two c hief 
classes, those that may be conceived as arising? from a stimulus to 
neoplasia affecting’ a sinple <*ell (or jrroup of similar cells) and those 
whose ori^rin is due to the acquirinpr of neoidastic* pro])ensities by two 
distinct cell types. These two kincls of mixed tumours may, for con¬ 
venience, be desipfnated false and true respecdively. It must be 
emphasized that these terms are used essentially from the standpoint 
of the pathogenesis and are not histolofrioal descriptions. 

A. False Mitred NeopJasnts. 

(1) It is not usual to include under the category of mixed neo¬ 
plasms those tumours the duality or multiplicity of whose component 
Cecils results from a tendency of the ty])e cell ” to underp:o a 
heteropIastic'C) differentiation reflecting? the normal developmental 
potentialities which are retained even by the colls of the adult 
or«‘anism. Such a process is responsible for the cytological features 
of diseases like (i) erythroleuc^osis of fowls, in w^hich neoplastic 
lymphocyte-like precursors undergo differentiation into haemoglobini- 
ferous elements which also at first retain the ])OW’er of proliferation. 


0) The term heteroplastic differentiation is employed here in the sense 
in which it is used hy Danchakoff (1918) to denote those grades of unfolding 
of cellular potentialities which result in the appearance of cells morphologically 
dissimilar from their immediate precursors; us opposed to the homoplastic 
differentiation whereby arise (!ells of the same morphological type as their 
precursors, from which they exhibit only minor structural divergences. As 
example of the first type may be mentioned the transformation of the macro¬ 
phage into the fibroblast or of the myeloblast into the myekayte; the second 
type is represented by the differentiation of the myelocyte into the granulo¬ 
cyte or of the erythroblast into the normoblast. The terms are no more than 
conveniently descriptive and a rigid distinction is not to be looked for. 
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as they do under the conditions of iion-neoiilastic haemopoiesis; 
(ii) the so-called lyiiij)ho-eridothelioina (Hodgkin’s disease) where 
elements of the type of the (fixed) reticulum cell differentiate into 
(free) lymi)Locytic cells (as occurs also in non-neoplastic lymphoid 
tissue); and (iii) the “ mixed-celled ” sarcoma (of birds) where 
neoplastic macroi)hages and fixed reticulum cells differentiate into 
neoplastic fibroblasts. The result is a tumour tissue comj)osed of 
two or more cell types (together with the transitions between them). 
Whether (iv) the thymomas (“ lympho-epitheliomas ”) tall under 
this group or not we cannot decide until we know how the round 
cell elements of these tumours arise, viz. l)y differentiation of the 
entoderraal (ej)ithelial) elements, or by Inwanderung ” as some 
contend is the case in the normal th\unus. 

I have mentioned I his class of tumours here because, as will be 
seen, they are so (dosely related to the first ty[ie of neoplasm uni¬ 
versally regarded as a mixed tumour and which we shall next discuss. 

(2) The tumours (or tumoiir-like processes) just discussed (1) were 
seen to be characferised by an unfolding by a single neoplastic cell 
type of the potentialities which are also j)Ossessed by the normal or 
at least by the non-neo])]astic ])rotolypes of these cells in adult life. 
We have now to consider a groiij) of mixed tumours in which the 
“ type cell ” is one possessed of dual or multiple potentialities, but 
is one which has ceased to exist as such in ])ost-foctal life, for the 
reason that those potentialities have already fully been realised 
during embryonic develofiment. Fundamentally, tHe close relation¬ 
ship of such tumours to those in grou]) (1) is a|)])arent: the admixture 
of cell types is in both cases due to unfolding of normal ])otentialities 
and in both cases (theoretically at least) there would be ])resent transi¬ 
tions l)etween the component cell tyj>es. The only difference, from 
the pathogenetic standpoint, is the persistence of the multipotent 
prototy])e cell in the 4idult in the one c*ase and its exhaustif)n during 
embryonic develojuneut in the other. 

We have here as a ty])ical example the embryonal ne])hroma, a 
tumour the ]durality of whose cell types is due to the embryonal 
pluri])otentiaiity of the cells from which it takes origin: the nephro¬ 
genic mesoderm being cajaible of differentiation into both epithelial 
and connective-tissue elements. And it seems probable to me that 
the great ma jority of embryonal ’’ tumours, iiKiluding the familiar 
mixed tumours of the mammary gland, belong here: their origin is 
to be attributed not to a simultaneous cancerization ” of two 
separate kinds of cell, but merely to the result of the acquiring of 
neoplastic projiensities by a multijmtent (embryonal) cell. 

H. True Mi.rcd \cophfsms. 

A true mixed tumour is to be conceived jis the result of the 
(rt) simultaneous or (h) successive aequiiement of neo[)lastic ])ro- 
])eusities by two (or more) sej)arate and distinct cell tyjies, which are 
from the outset situated contiguously. It follows that in such 
tumours (unlike in the false mixed neoidasms) one does not expect 
to encounter transitions between the component cell types; in 
practice (it appears to me) this circumstance is imjiortant evidence 
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that one is ilealiiij^ with a true mixed tumour, and it is on the jiresence 
of transitions from the eonnective-tissue ” eell types to the 
“ epithelial ” cell types that I have based my o])iuion of the nature 
of the canine mammary tumours, viz. that they are false mixed 
tumours. 11 is probable that what 1 describe as true mixed neo- 
jdasms are considerably rarer than is generally believed and that 
many other tumours considered (if indeed those who discuss them 
enter into such analysis at all) as arising on the basis of ‘‘ dual 
eancerization reallj’ belong to the false mixed tumours. The 
successive (b) (‘ancerization of the two cell prototypes in a true 
mixed neoplasm would be represented in tumours in which, at a tune 
subsequent to the establishment of neojilastic ])roliferation of the 
elements of the parenchyma, those of the stroma come to accpiire 
neoplasia: in this way a sinqde tumour might become a true mixed 
tumour, for example a carcinoma might at a later stage become a 
fibrocarcinoma or a sarcocarcdnoma, an adenoma a fibroadenoma, etc. 
As has been ])oiuted out an attempt should be made to distinguish a 
mere excessive hyperplastic stromal response —(carrinovia scirrhosuin, 
adenoma fihrosum, nirrinoma leiomyamatoiium )—from acdual neo¬ 
plasia of the stromal moiety. The difliculty of this distinction has 
been discussed j)reviously. 

It will be noted that, in the definition of the true mixed tumour, 
emphasis has been laid on the original contiguity of the two normal 
cells which may be conceived as resjamding to the stimulus (whether 
simultaneous or successive) to neoplasia. This has been done in order 
to distinguish the so-called “ collision tumours arising as multiple 
(e.g. two) independent neoplasms which subsequently unite or inter¬ 
mingle as they enlarge, and which projierly sj)eaking do not fall 
under the (*ategory of mixed neoplasms at all. Yet such tumours 
are obviously jiatliogenetically quite closely related to the true mixed 
tumours arising from simultaneous eancerization ’’ and to that 
extent are perhaps even more deserving of consideration here than 
are the false mixed tumours, which owe their origin to a radically 
different vset of circumstances. A' good example of this collision 
process has been described in the fowl (15100—Chapter VII) result¬ 
ing from a (secondary) intermingling of myelo(*ytoma (myeloid 
leucosis) with (“ mixed-celled sarcoma. Further examples of 
this process in animals are afforded hy the admixed acanthomas and 
pigmented epitheliomas in the goat, according to the conce])tion of 
the pathogenesis of these lesions which has been enunciated by 
Thomas (1929). He is inclined to regard the acanthoma as arising 
from the epidermal cells and the pigmented epithelioma basal¬ 
cell carcinoma) from the immediately underlying sebaceous gland 
cells; union of the two neoplastic tissues may ocemr subsequently' as 
the result of ])rogressive spread from two centres in close proximity 
to each other. Such collision tumours are closely related to multiple 
primary neoplasms, for example cases of acanthoma and pigmented 
epithelioma situated at such distances from each other that secondary 

(2) There is ant’ortiinately no convenient term wliereby to denote “ the 
process of becoming neoplastic us applied to the cell. ** Cancerization ” is 
used here to mean cither a malianant or benign neoplastic transformation, 
i.e. to replace the cumbersome phrase ** acquirement of neoplastic propensi¬ 
ties used previously in this passage. 
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anion is ini|)ossil)lf*; such are seen where an ac.anthoina niay be 
situated on the head and a nielanotic epithelioma may be located in 
the perineum of the same subject. JTow do such miiltijde j)rimary 
neo])lasms differ from collision tumours; and, on tbe other hand, 
on what ^^rounds may we exclude the latter, coutorming* to the strict 
letter of our definition, from the true mixed neo])lasms? Theoretic¬ 
ally, the collision tumour might be distinguished aetiologically from 
primary miiltijde iieo|)lasms by the |M»ssibility that the former may 
arise as the result of a single(‘^) carcinogenic stimulus whose elfects 
are diffused among contiguous cells of two different kinds, while the 
latter may owe their origin to distinct i‘arcinogenic stimuli ojierating 
at diffVrent jioints in the liody. On the other hand, the mingling 
of the moieties of the crdlision tumour might lie regarded as quite 
fortuitous, dejieufling on the chance that two jirimary neojdasms 
aie as likely to rise at closely jiroximate sites in the body as at widely 
se|)arated jiriints. Such a conce|)tion of the jmrely fortuitous origin 
<d‘ the collision tumours would justify our regarding them as sju^cial 
cases of multijde primary neojilasms and removing them allogtdlier 
from the category of mixed tumours whose dual nature is not the 
result of chance. 

However ditficult it may be in juactice to ajijily our classifica¬ 
tion of mixed neojdasms, I feel that a scheme such as has been out¬ 
lined above may jirofitably be kejd in mind when considering tlie 
|)roblem> ]n<»M*nted [»y the individual tiimouis which are encountered. 
Jicsions which arise on ihe basis of fundamentirlly different jiatho- 
genetic (and jiossibly aetiological) jiroi'esses shoubl be discriminated 
wherever jio.^sible. With the growth ol our knowledge the general 
category of mi\«Ml tuniouis " may perhajis cease to be the dumjiing 
g'round tor a miscellany of |)ath(dogi(^a] j)rocesses having little in 
(‘ommon beumd a sujierficial resemblance of their end results. 


Etnhri/onal yrphrowa . 

The embryonal nejihromas of domesticated animals (tumours 
considered to corre.^jiond to the WilmV tumour of children) are 
jieihajis tile best knowji among swine, in which they have been 
deM'iibed by Day Feldman (11)28 and DKft)), and Kinsley 

(Hh‘f(l). Embryonal mqihroma is considered to be the most common 
neojilasm of swine and it is lemarkalde that in this country not a 
single case has come to our notice ami finther that even tho^e with 
extensive abattoir exj)erieu(‘e(‘i have not eiu'ountered cases in swine 
in South Africa. As w’ell as in man and the pig, embryonal 
nejihroma has been described in the domestii* fowl (in which, as 
Feldman has jminted out, it is commoner than is other animals) by 
ilathew's (l?)2t)/;) and also by McKenney (Ibdl) and by Feldman 
(1932); in the bovine by Feldman, in the rabbit by Poison (1927) by 
Scott 0917K and by other w orkers. The ()nderstexK)ort collection 

(•■*) Single ” is, of course, not used hej^e in the sense <jf single in time ” 
as is done in discussions on the aetiolog.v of iieoplasiiis with reference to the 
role of traumatic or irritative influences. 

(*) e.g. Mr. A. C. Kirkpatrick, M.R.r.V.S., of the Johannesburg Muni¬ 
cipal Abattoirs (in a personal communication). 
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contains ten exam])les of this neoplasm, five from fowls (Fig. 160), 
two from hovines, two from horses, and one from the sheep; these 
two bovine c-ases make up the total of cases in cattle, recorded under 
that name to three, while I find no record of the tumour in the 
horse or in the sheep. But there is little doubt that these tumours 
have very often been encountered in bovines as well as in other 
species under otlier names. A1 this Institute itself, the cases in 
bovines had been recorded as adenocarcinoma or adenoma, and that 
in the ovine as “ cystadenoma sufficient attention not having been 
paid to the details of the histology and cytology to disclose the 
essentially “ mixed ” nature of the neoplastic tissue. 



160,—Embryonal nephroma of the fowl. (2143; 6/6 X ). 


It is not intended in this ^ext to describe in detail the histology 
of these tumours, an excellent account of which in the different 
species is to be found in Feldinan^s work. It is of interest to men¬ 
tion the following observations on the Oiulerstepoort material: — 

As is known from the work of Mathews, the disease in fowls 
usually affects the left kidney or left renal region. In three of our 
avian cases the left side was affected, in one the right side; wdiile in the 
remainder there is no record of the side affected. Metastasis was 
recorded in only one of these cases, but in two cases recorded sub- 
secjuently to this work metastases w’ere present. They are probably 
quite frequent, therefore. Feldman slates lhat ‘^mitotic division 
is usually prominent, particularly in the highly cellular intertubular 
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(i.e. saiTomatoiis) portions, altliou»'ii this phenoiiHuum is tjom- 
iiionly displayed by the liiiin«: cells of the duct- or alveolar-like 
structures li seemed of interest to ascertain precisely what 

I he growth-rate of the sarcomatous and epithelial moieties was. The 
results of mitotic counts of these two tissues in fowls showed that 
there was no constant preponderance of the f^rowtli-rate of the solid 
over the tubular ])ortions: in some cases the counts were afiproxi- 
mately ecpial, although where they were unequal the rate was in 
favour of the (sarcomatous) intertiibiilar portions. The fig:ures in 
general appear to confirm the snjyjrestion made by Feldman. In the 
nephroma from tlu* slieep, no mitoses were seen. On account <if the 
absence of records of this tumour in the sheej) and tlie horse special 
attention may be clrawn to this case (Ovine, '‘lObr)). The tumour 
had the structure of rijstfith^noma /fapilllfonnc (as which it had been 
diag*nosed in the routine), but the presence of solid interadenomatous 
tissue composed of fibiopla8tic(‘^) spindle cells with transitions to 
tJie epithelial elements, in every way correspondino‘ to the ‘‘ sarco¬ 
matous ” jJortions of the better known nephromas of the pic and 
fowl, had been overlooked. Similar tumours were encountered in 
t wo liorses (V i ^*s. 101, I (>2, ) Od). 

Ref^arding- the diagnosis of eJiihrxonal iie])hroma, the suspici(ui 
of this neo]dasm should always be borne in mind when tumours of 
the kidney of the pij»’, bovine, or ovine, or equine are emmintered : 
or when in the fowl a tumour in or attached to the kidney, or depend- 
injy from the lumbar region into the jieritoneal caVity at a consider¬ 
able distance from the kidney is encountered. Histolog'ically tlie 
diajrnosis is confirmed by the finding of sj)indle cells ^^rowinj^* in solid 
form (and associated with the production of intercellular fibrillar 
stroma) alternating* uith e|»itbelial elements (lining acini, or cysts, 
nr ])apilliforiu cy.sts) and (most importantly) of transitions between 
the two tyi)es. In ton Is the diajriiosis of embryonal nephroma can 
also be made with confidence when only secondary lesions (e.^*. pul¬ 
monary metastases) are submitted from the auto])sy. In pif?s tlie 
findinji* of neoplastic osseous or muscuilar tissue makes the diajrnosis 
>till more obvious, but such moieties are not to he regarded as essentials 
and are not found in the avian tumours. As Feldman indicates, it 
may be iliflicult in the mammalian tumours to demonstrate the sar¬ 
comatous ” moiety (Fij^*. Kid): if such demonstration comjiletely fails 
after e.xaniination nt representative sec-ticms from all parts of the 
tumour, one has, of course no alternative in the presence of a single 
epithelial neoplastic moiety hut to dia#»’iiose carcinoma or adenoma as 
the case may be. In fowls our experience has been that the 
“ sarcomatous ” elejneiits are jiresent in abundance; this may not, 
however, he the case in the ox, sheej) and horse. 

We may (dose this discussion with the remark that although the 
term sarcomatous ” has been here used to desijyiiate the solid, 
fibroplastic tissue composed of spindle-shaped cells and is also 
employed in the common desij^nation—adenosarcoma—of these 


(^) Obvious misprints have been cori'ected in tliis quotation. 
(^) Reticulum fibrils. 
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Fig. 101.—Embryonal iiophroma of the horse: Romaining kidney tissue at right side 
of illustration. (3446; 2/.5 X). 



Pi(i. 162.—Structure of the embryonal nephroma sliou*n in fig. 161 ; Adjacent areas 
where adenoid (bfdow) and sarcomatoid (above) growth types predominate 
respectively—(“ adcnosarcoma *’). (3446; 100 x). 
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tumours, yet the tissue in question is not compurable to true fibro¬ 
plastic sarcomatous tissue; frankly collap:enous fibres are not ijroduced 
by these cells as a rule and anaplastic changes are conspicuously 
absent: the designation embryonal is therefore most suitable to 
describe these tumours, and one gains the impression that they owe 
their proliferative power to the embryonic; rather tliaji to the 
malignant neoplastic; nature of their ceils.(") We shall encounter 
much the same features among the mixed mammary tumours of the 
bitch. 



Fio. 163.- -Structure of a Iojjs euKily recognisable embryonal nephroma of the horse : 

More solid (above) aud more eystie (below) papilliform adenomatoid types of 
growth, with sarcomatoid moietv not readily deteetable: haemorrhages into the 
luniina. (5574 ; Hi) X). 

Mixed Mammary Neoplasms of the Day. 

The great frequency of mixed neoplasuns of the mammary gland 
of the dog is well illustrated by a study of the Onderstepoort collec¬ 
tion. Of seven malignant breast tumours in this species, only one 
presented the structure of a simple tumour (carcinoma adenoides 
cysticum et papilliferum —Canine, 1G323). The other six all 
presented varying grades of the histological structure of mixed 
neoplasms. 

(^) I am only too well aware that I am here using inadequate and vague 
terms to imply a distinction that cannot at present be fully explained. But, 
as Ewing aptly has it, ** the embryonal nature of a tumour should not be 
confused with an anaplastic cUara€*ter 
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Concerning llie propriety of regarding these growths as mixed 
tumours not a few extreme difficulties exist. With reference to the 
(common) osteoplasia found in the “ stroma of canine breast 
tumours, some authors, e.g. Schmidt (1933), incline to the view that 
this may be ascribed to a secondary change in the stroma of not truly 
neoplastic character but apparently rather after the manner of 
Virchow\s original conception regarding the origin of bone and 
cartilage in soft tissue, viz. by metaplasia ’’ from fibrous tissue. 
Both T. B. Mallory (1933) and Micseh (1933) su])port this view of the 
general origin of bone in carcdnoma, but they are not dealing 
specifically with tumours of the dog’s breast. That there occur 
(simple) carcinomatous tumouis in which bone develops in the 
stroma as a result of “ metaplasia ” and noi us an additional 
neoplastic moiety no one will deny. We have already mentioned 
such tumours under the heading of neoplasms having a mere super¬ 
ficial resemblance to mixed tumours, and we have described in a 
sheep and the dog good examples of carcinoma with secondary 
osteo]dasiu in its stroma ” (Chapter TT). But the very common 
occurrence of frankly mixed tumours (“ adenosarcomas ”) in the 
breast of the dog, w’ith all transitions to tumours showing varying 
grades of (»steopiasia and (‘hondroplasia, makes one statement safe: 
although there may be simple tumours of the dog's breast with 
secondary stromal osteo- or chondroplasia, all cases of bard tissue 
formation are not explicable on that basis; and the suspicion must 
remain that if some cases of osteoplasia in canine mammary 
tumours are to be exidained as mixed tumours, all cases 
may possibly have to tall under this category. After a 
close study of the mammary tumours of dogs, 1 find myself 
unable to make a more categorical statenieni than the alnive; but 
so strongly do 1 bold the suspicion mentioned that, until proof to 
the contrary is forthcoming, I class all these tumours under the 
(false) mixed neojdasms. The demonstration that some cases of 
osteo- and chondrojdasia represent an actual neoplastic moiety 
besides the epithelial elements throws a strong Iniiden of pioof on any 
who would contend that other cases'^ are to be Uvseribed to a ditTerent 
pathogenesis; this onus has not yet fully been discharged. 

The second difficulty T wish to mention is one which seems to 
besot the human pathologists more especially. Itegarding carcino¬ 
sarcomas of the human breast, Ewing says that in some such cases 
he has ‘‘ not been satisfied that the spindle cell areas were not 
modified epithelium ”, an’d» again with reference to adenosarcomas 
he opines that it seems highly probable that some such cases . . . 
are rapidly growing carcinomas in which the anaplastic tiimonr cells 
assume a s])indle or rounded form on the other hand, Ewing 
accepts “ that most pure sarcomas (of the breast) are identical in 
origin with adenosarcoma. This view must be accepted at least for 
the true spindle-cell sarcoma. Not only is their struciure identical 
with that of adenosarcoma, but recurrence of adenosarcoma may take 
the form of spindle-cell sarcoma ”. It thus becomes apparent that, 
difficult as may be the ac'curate assessment of the mixed nature of 
the canine mammary neoplasms, the problems are to be encountered 
in a still more obscure and confuwsing form in the mammary 
neoplasms of man. The moral of this is obviously that the canine 
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tumours, presenting similai problems in more easily soluble form, 
may well offer material to the study of which more human i)atho- 
logists (whose experience of mammary tumours is inevitably based 
on a far larger amount of material than veterinarians can hope to 
encounter) might profitably direct their atieniion. Regarding 
Ewing’s confession of inability to distinguish Ijetween “ sarco¬ 
matous ’ connective-tissue elements and “ modified (i.e. spindle- 
shaped) epithelium ”, he does not enlarge on this dilemma as mmdi 
as one could wish. Nor does he indicate whether by such “ modified ” 
epithelial cells he conceives derivatives of (previously) adult 
epithelium or merely embryonic epilhelium assuming a multi])licity 
of shapes. The ** epithelium ” of the embryo is a very elastic term, 
embracing all three germ layers (i.e. every cell of the tridermal 
embryo) at a (*ertain stage of exisfen(*e, including the mesoderm 
(and eonse([uently being ancestral to the derivatives of the middle 
germ layer). Rut apparently Ewing means modified neoplastic cells 
derived from pre-existent adult epithelium; otherwise, as we have 
seen, his statement lacks meaning on close analysis. Now it would 
seem siin})]e to propose and carry out as a differential test between 
true epithelial elements and connective-tissue elements the criterion 
of the association with iuter(*ellular fibrils. If the s]»indle-!>haped 
cells are epithelial, the modific'ation causing the obscurity of tbeir 
nature might well be expected to extend no further than so far as 
their shape is concerned, 1 cannot believe what Ewing at times 
seems to be hinting at, viz. that from adult epithelium may be 
derived ceils indistinguisliahle from fibroblasts; f whatever their 
shape may be, as shulenis of (ell potentialities we canuol admit the 
possibility of the simulati(»n being extended to the productiou of 
collagen or reticulum fibres. 

It is this very test which, applied to the tumours of the dog, 
allows one, even in the most difficult of cases to decide that two 
cell types are (•(mceriied, the one related to the ccmuective-tissuo cell 
(in virtue of shape ami fibril ]Uoductiou), the other clearly 
epithelial and lining liiminu. The fact that all transitions occur 
between these two elements allows one confidently to place these 
tumours of adeno- or carcinosaivomatous striictuie in the category 
of false mixed neoplasms, to be conceived as arising from the 
“ cancerization of a single cell type possessed of embryonic, 
potentialities. Indeed the general morphological unity existing 
among those mixed neoplasms which have ])urely adeno- or carcino- 
sarcomatons structure is most marked, wliether they arise in the 
kidney (from (*ancerizatioii of an element of the ne])hrogenic meso¬ 
derm) or in the breast [from cancerization of an (aberrant?) cell with 
a very similar multipotentiality]. In the absence of the application 
of the essential fibrillar staining reactions, many of such tumours 
are doomed to be erroneously diagnosed or misinterpreted, and for 
this reason the older statistics of “ canunoma ” of the breast of the 
dog are quite worthless from the strictly histological point of view. 
Few of the older mixed tumours at Onderstepoort, whether of the 
breast or of the kidney, were correctly diagnosed: in some cases 
the “ sarcomatous ” element was overlooked, in others presumably 
dismissed as representing anaplastic epithelial elements assuming 
spindle shape. The importance of avoiding such errors is by now’, 
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it is hoped, fully apparent from our discussion of the classificatory 
problems. An example of the actual practical importance to the 
histopathologist is afforded by the case of a bitch (canine, 14605) 
from which a primary tumour of the mamma had been ablated and 
diagnosed as carcinoma, and which came to post-mortem some time 
afterwards (canine, 15827) with multiple pulmonary metastases and 
no lymph-borne secondaries! These metastases had the structure 
of fibroplastic (spindle-celled) sarcoma. Only on a re-exaniination of 
the sections of the original breast tumour was it seen that the 
sarcomatous moiety (present only in some parts of the iumour) had 
eluded notice, and that the original diagnosis should have been 
sarcocarcinoma. Although T have said that the lung metastases had 
the structure of “ spindle-celled sarcoma ”, even at the time when 
these secondary lesions were first examined a certain atypicality qva 
spindle-celled sarcoma ” was actually noted in my report although 
I contented myself with that diagnosis. Re-examining the sections 
in the light of the information gained subsequently, it now appears 
to me that this difference from lypical “ spindle-celled ” spcoma 
is a genuine one. It is hard to speak on the basis of examination 
of so limited a number of cases, but I am inclined to be confident 
that with careful atteniion to the cytological deiail ihere is no 
reason why one should not with certainty be able to distinguish 
the metastases of the sarcomaious moiety of a mixed embryonal 
tumour of the breast from metaslases of ordinary “ adult ” spindle- 
celled ” sarcoma. This may be done on the basis of a slight tendency 
of the cells to assume a more polygonal form, lying closer iogeiher 
(differentiation from mixed-(*elled ” sarcoma on this basis alone 
a very subtle one indeed!); and a heavier nuclear membrane (more 
characteristic of an epithelial nucleus) than is usually to bo 
encountered among neoplastic fibroblasts is seen in many of ihe 
cells (here again an inherent difference in the nuclear membrane 
is only on the basis of considerable experience to be distinguished 
from a not dissimilar heavy ” appearance resulting from sub- 
membranal hyperchromatosis, which is a prominent feature of the 
anaplastic changes in such tumours); and lastly a sligJii tendency 
to encapsulation of the metastases as they reach a larger size. It is 
not wished to stress too much these nice distinctions, which indeed 
almost baffle description; but merely to express the opinion that 
the differentiation is possible and hence that on the examination of 
the first-received sjiecimen of the above case the diagnosis 
metastatic* fibroplastic sarcoma ” was wrong and should Lave read 
pulmonary metastases of a mixed tumour; •primary very 
probably(®) situated in the breast 

Six cases of mixed embryonal tumours of the mammary gland 
of the bitch were encountered. The actual histblogy of these false 
mixed neoplasms of the dog’s mammary gland is reflected by the 
diagnoses; osteocarcinoina (6060), cystadeno-carcinosarcoma 
(10345), adenosarcoma (13676), chondroadenosarcoma (15548 and 
15758), and chondroadenosarcoma (14695), with subsequent 

(®) The fact that one is dealing with a bitch allows one to predict this 
probability since the overwhelming majority of mixed tumours in dogs (which 
do not suffer from embryonal nephroma) are situated in the mammary gland. 
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pulmonary metastases (15827) growing* as a type of (embryonal) 
“ spindle-celled ’’ sarcoma. The descriptions will noi be given in 
detail here, the histology of the canine mammary tumours having 
already been fully studied by Cornil (1908). 

Ati UmisvaJ Mijcvd Tmnottr (Embryonal Epulis) in a Dog. 

One of the most inleresting and instructive of the mixed 
tumours in the collection is the following: — 

(Canine, 7808.) 

The subject was an Alsatian bitch which was destroyed on 
account of a tumour of the lower jaw. There is no detailed record 
of an auto])sy, wliich \>as, however, (tarried out by a ])rofessional 
colleague, all organs showing pathological changes being preserved 
nt Iota. The specimens consist of the head (Kig. 104), heart, and 
lungs (Fig. 105). In the region of the body of the mandible there 



Fig. 164.—A malignant mixed neoplanm (“ enibrvonal epulis ”) of the gum of a dog. 

(7808; 1;3 X). 

is (Fig. 104) a large swelling placed more or less in the middle line, 
but slightly more to the right side of the median plane. It is 
covered by the mucosa of the gums, which is for the most part intact, 
but which anteriorly shows superficial erosions. The whole enlarge¬ 
ment has an ovoid shape, is elongated antero-posteriorly, and 
measures 0*f)x4x8-5 cm. It involves the roots of the incisor teeth 
which appear as if loosely embedded in the tumour, are displaced 
forwards some 3 cm., and are widely separated from one another. 
(The left corner incisor is placed 2 cm. from the canine and the 
others are as much as 1*5 cm. apart.) Both upper and lower incisors 
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are worn clown to short stumps and the foruier close on the middle 
of the dorsal surface (length) of the tumour, small cavities in the 
surface accommodating them, while a larger conical depression 
accomnmdates the left upper canine in the tumour during closure 
of the jaws. The tongue rests somewhat disjdaced to the right side 
at its apex. The tumour is firmly adherent to the bone. It extends 
backw’ards to the second cheek tooth, displacing the first cheek tooth 
upwards. On section the tumour appears delimited from the cover¬ 
ing biKTal mucosa. A fibrous ‘‘ stroma ’’ is seen to enclose rounded 
ateas of a greyish-white (preserved!) “ parenchyma ” measuring up 
to 2 mm. in diameter and in wdiich cian be seen small, rounded cyst- 
like cavities, some of which are of pin-imint size and visible only 
under the hand-lens while others leacdi a diameter of nearly 2 mni. 
'Fhey contain a (dear (coagulated) fluid. The knife also encounters 
spicules of calcnfied material. The mandibular and pharyngeal 
l.ym])h-glands aj)i)ear normal. The lungs (Fig. HJo) are studded with 



Fig. 165.—Multiple pulmonaiy mctastawes of the tumour shown in fig. 164. (7808 ; » x ). 

numerous, small, scattered nodules varying from 1 mm. to 4 mm. 
in diameter. Those situated subpleurally cause elevations above the 
surrounding surface but do not penetrate the seiosa. Against the 
pulmonary tissue these nodules show no encapsulation ancl have ill- 
defined borders. They have a greyish-white colour in the preserved 
specimen. The heart has a heart-base ” tumour attached to it 
which is described in ('hupter XI, being considered unrelated to the 
gum tumour. 

Microscopically (Figs. 166, 167, 168), the gum tumour is seen 
to be strongly encapsulated against the propria of the gingival 
mucosa. The overlying epithelium is unchanged, except in places 
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where it shows desquamation and leucocytic infiltration (infiainnia- 
tory changes, doubtless following traumatic injuries inflicted by the 
teeth and food, etc.). With low magnification (Fig. 160) is seen a 
rich, very irregular, branching “ stroma ” consisting of broad bands 
of collagenous tissue which in parts may predominate over the en¬ 
closed “ parenchyma This “ stroma ’’ is in parts dense and 



Fia. 166.—Structure of the primary tumour shown in fig. 164: Endotholiomatoid tyru.* of 
growth with formation of small lumina and larger cystic cavities conliiming 
lymph ; indistinct separation of this tissue from the stroma-like moiety which is 
also neoplastic and in which ostcoplasia occurs. (7808; 3^1 x.) van Gicson stain. 
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highly fibrous, in other parts it becomes cellular and the collagen 
bundles less prominent. The “ parenchyma exists as larger and 
smaller, often very extensive islands, which in section usually appeal 
as if completely isolated by the broad bands of “ stroma or other¬ 
wise they may be connected with their neighbours by narrow 
isthmuses of the same tissue. This appearance under low power is 
mentioned be(‘ause the picture at first suggests carcinoma (alveolar 
structure), a diagnosis which is not borne out by the information 
gained on higher magnification. This sliows that the demarcation 
between “ stroma ” and “ parenchyma ” is by no means sharp and 
that those terms (w^hich have been used descriptively) are in reality 
quite unsuitable to describe anything but the ciude histological 
pattern. On closer examination (Figs. 167, 168) it is seen that 
the “ paremdiymal ” cells in many places become continuous with 
the more cellular parts of the stroma ’’ and (h) both “ stroma ” 
and “ parenchyma ” are associated with osteoplasia. 

The cellular “ parenchymal tissue exhibits a considerable 
variety of (^ell forms and architectural pattern. In general its 
elements are closely-packed, oval to spindle-shaped cells most of 
which have plump, short-oval nuclei but in many of \vhi<‘.h the nmdei 
are elongated and often narrow and compressed. These nuclei are 
poor in chromatin, which is dispersed as a uniform, fine, just visible 
network; hyperchromasia is not seen. The nmdeoli number one or 
two and are so inconspicuous that the n : N ratio is difficult tc 
measure (e.g. 1 .’ 200). These cells are arranged in the following 
different patterns: — 

(i) Solid alveoli of oval to spindle-shaped elements arranged 
without definite order; or there may be a tendency for the cells to 
be arranged with their long axes parallel, forming ill-defined 
strands; or in parts there is a limited tendency to arrangement of 
the cells in solid whorls, between these elements deli(‘ate reticulum 
fibrils can be seen on appropriate staining. 

(ii) The cells may he arranged jn many layers to form the thick 
wall of a cyst-like cavity (Fig. 166, below). The innermost of these 
cells are usually distinctly fiatteneci from the pressure of the enclosed 
contents, consisting of coagulated fluid with a fibrinous network 
(lymph) and a variable admixture of desquamated (degenerated) 
neoplastic elements. 

(iii) The cells may he arranged as flattened elements lining 
numerous, closely-set, smalhlumina varying from abemt 80 /a to about 
75/1 in diameter (Fig. 166, above, and Fig. 167). These cavities 
contain a few loosely arranged stellate or flattened elements of the 
same nature as the lining cells, with which they are connected by 
delicate fihril-Hke protoplasmic processes. Well preserved blood- 
cells (apparently in circulation) are also to be seen in these lumina 
and often the internally-lying tumour cells are related to these in 
the form of an endothelial membrane whose elements have an un¬ 
mistakable endothelial habitus and morphology. 

(iv) All transitions between the above three types of growth are 
seen, e.g. alveoli which are mainly solid and only in places contain 
a few small lumina, or the formation of small lumina in the other¬ 
wise solid w’alls of the larger cavities (Fig. 166 below, left). 
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Fig. 1G7.—Higher niagnitication of the tumour tissue shown in lig. 166: Sareomatoid stroma- 
like moiety and ondothcliomatoid parenchymadike moiety; right, below, 
transition from “ stroma ** to “ parenchyma *’ with osteoplasia and “ pearls 
(7808; 120 x.j van Gieson stain. 
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Fiq. 108.—High magnification of the field incladed in the lower right corner of fig. 167: 

Conoentrio bodies consisting of lamallae of both keratin and collagen ; these 
anomalous cells are also related after the manner of osteoblasts to the osetoid 
which is being deposited. (7808; 370 x.) van Gieson stain. 
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The further features of this tumour are most (X)nveniently dis¬ 
cussed ill a consideration of the various intercellular matrices which 
make their ai)pearaiice. It must here be reiterated that at the edf^es of 
the solid alveoli (i) which are bordereil by more cellular parts of the 
“ stroma ’’ the transition from the “ parenchymal ’’ elements to the 
fibroblasti(t cells forming- the trabeculae is a gradual one; it is often 
impossible, when studying this transitional region to say of a given 
cell whether it belongs to the peripheral cells of the solid alveolus 
or to the internal layer of the “ stroma And the attempt to 
decide this question is also a fruitless one, because one is convinced 
that the “ siroma ” is, in Hiese parts at least, an essential part of 
the tumour, that it is itself neo])lasti<*, and that the separation of 
‘‘ stroma and “ parenchyma ” is a falsity. Further reasons for 
this attitude will become a])parent as the description proceeds. 

All stag(*s in the production of osseous tissue (Fig. IbO, right, 
above; Figs. 1(17, l(i8) are to be enc-ountered in both the paieiichyma- 
like alveoli and the stroma-like tralu'culae (thus demonstrating the 
similar jrotentialities of these two moieties), from the dejiositimi of 
collagen, through osteoid tissue, and culminating in actual calcifi¬ 
cation. The deposition of prp-C4)llagenous or reticulum fibrils be¬ 
tween the s})indie-slia]»ed elements of the solid alveoli has already 
been mentioned. Furtlier, the occurrence of well formed collagenous 
bundles between these elements in jdaces renders it impossible to 
distinguish collagenised “ parem hyma ’’ from the stroma-like 
entity. In many pa its this de])osition of collagen occurs in the form 
of hyaline, bram hing strands or masses, against/the edges of which 
cells continuous with the other elements of the alveoli become 
arranged or condensed in the form of a row of vertically dis])osed 
osteoblast-like element^, which become enclosed within the matrix as 
the de])osition of osteoid ])rogresses. These osteoblastic (*ells do not 
ditfer in geneial morphology from the surrounding fibroblast-like 
or endotbelial-like elements: a somewhat dee[)er staining reaction 
of the cytoplasm is, however, noticeable (as is usual in the case of 
bone-forming cells) and the nucleoli are more proniiiieiit 
(e.g. n ; X I ; .’}()). These changes progiess to the deposition of 
calcium lentrally in the osteoid, whereby variable-sized but small 
branching trabeculae or more solid ]dates of bone are laid down whose 
lacunae are jiot arranged in Haversian s\stems. Identical changes 
can be folh»wed in tlie stroma-like strands, adding to the impossibility 
of separating this entity from the ** parenchyma 

A further and Jiiost interesting metaiiioriihosis is that cells of the 
“ parenchyma ” may occasionally become concentrically arranged 
and their cytoplasm transformed to form small keratinized 
]iearls ” usually occurring in groups. These “ pearls (Figs. l()7, 
below, right; 108) coirsist of several concentric, lamellae composed of 
the keratinized cytoplasm (with van Gieson, a pale almost golden- 
yellow colouration) of whorled cells surrounding one or more central, 
large, swollen, squamous-like elements constituting the bulk of the 
body in question and measuring up to 50 /a in diameter. Tn these 
cells distinct epithelial fibrils and between them intercellular 
bridges can be seen (prickle-cells). It must be emphasized that these 
cells having the morphology of squamous epithelial elements and 
taking part in this pearl formation are intimately related to the 
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osteoblastic elements bordering the osteoid which is being laid down: 
not only can actual physical continuity be traced between these two 
cell types by means of cytoplasmic processes, but two forms of inter¬ 
mediate cells occur between the epithelial-like and mesenchymal- 
(lerivative-like elements—firstly, cornefying elements standing in 
relation to the osteoid tissue as osteoblasts and actually becoming 
enclosed within the matrix as keratinized osteocytes; and secondly, 
actual admixture of material reacting for collagen within the sub¬ 
stance of the cells entering into the formation of the lamellaied 
pearls (Fig. 168), i.e. intracellular collagen formation and keratini- 
zation inoceeding in one and ihe same cell(*). 

Mitotic figures are rare, one being encountere<l i)er many 
hulldred^ of (high i)ow’er) fields (M.I. -<1). 

The miliar;v jnilmonary nodules prove to be unmistakable 
metastases from the gum tumour, the essentials of whose microscopic 
structure they reproduce (Fig. 1G9). They consist of solid strands 
of the same endothelial-like elements iuteruiingled with fibril-form¬ 
ing spindle-cells. The same dejiositiou of collagen, osteoid, and bone 
are seen. Small lumen formation as in the angioinatoid jmrtions of 
iJie primary is not prominent, although detectable. This tendency 
is largely replaced by the following arrangement (Fig. 170). The 
cells tend to assume polarity and columnar form, being radially 
arranged to line acini whose liimina are initially filled with des¬ 
quamated elements. These cells are very definitely e])ithelial in 
structure and arrangement and their protoi)lasm is finely vacuolated 
as if filled by secretory droplets. They much resemble the elements 
of a serous salivary gland in this res])ect, as well as in the ap])earanee 
of the small tubular lumina which they eiudoso and in w^hich (iii 
addition to the desquamated cells) the serous secretory product may 
he seen. At the edges of the foci (w'hich are unencapsulated and are 
invading the pulmonary tissue) imj)ortant information regarding the 
reason for this grow’th-mode is to be observed (see Fig. 170); here 
is seen an intra-alveolar si)read of the neoplastic cells in the lung 
tissue. Thus in a pulmonary alveolus bordering the iiodnle it may 
be seen that the pari of the alveolar wall nearest the tumour tissue 
is lined or replaced by the serous-epiihelial-like tumour cells, w-bich 
have not yet spread around that part of the circumference of the 
alveolus which is remote from the tumour. This phenomenon con¬ 
vinces one that it is the pulmonary alveolar walls wliicli, by forming 
a suitable framework, are responsible for encouraging this acinar 
growth of the tumour cells. In these secondary tumours the cells 
show a slight increase of aiiujdasia as comi)ared with the primary; 
moderate hyperehromatic changes are to be seen in the nuclei of 
the endothelioid neoplastic cells as well as minor variations in 
nuclear shape. Pycnotic nuclei are common. Many minute 
metastases, invisible to the naked eye, are seen on microscopic 

(®) It is perhaps advisable to say that the interpretation of these very 
aniisual cytoplasmic transformations has not been undertaken lightly or with¬ 
out earnest consideration of their implications. But the microscopic appear- 
ances are quite convincii^, although it is of course impossible to indicate 
cne critical staining reactions by photography. 
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examination of the lun^?. These are often degenerate and among 
their necrobiotic oells many small aoumiiiaie crystals are deposited, 
or there may be pronounced neutrophil infiltration. 



FlO* 169.—Structure of the pulmonary mctaatasos of the tumour shown in figs. 164 to 168: 

Endothcliomatoid type of growth with areas of osteoplasia ; atxtve, the lung 
tissue. (7808; 120 X). 
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Fio. 170.—Another of the pulmonary metaBtaaes sho^'n in fig. 165 : Assumption of an adeno¬ 
matoid type of growth as the neoplastic cells line-out tho pulmonary alveoli; 
note the partial lining of an alveolus by columnar cells in continuity with the 
neoplastic tissue just above the centre of the field. (7808; 250 x). 
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IJiscvssion, —The primary tumour shows the following histo¬ 
logical tyj)es of growth: solid and angiojdastic endothelioma; fibro- 
plafcti*; (sj)indle-celled) sarconiaious transformation; osteoma; and 
pearl-formation with jn'ickle cells sonievvliat reminiscent of acan¬ 
thoma; in the metastases there is also a pronounced tendency to grow 
as adenoid ( arcinonia. This latter growth-mode, whereby lumina are 
lined by se(*retory ejdthelial-elements, is not to be irilerineted as an 
exanjjde of a decrease of anaplasia in secondary tiunours as coiii- 
j)ared with tlie jiriiiiary-■ (a phenomenon which wtnild form an 
excejdion to the very general rule that secondaries are at least equally 
if not more anajdastic than their primary)—but rather by the con- 
ce])tion that tin* potentiality of the tuiuour cells includes the ability to 
form glandular ei)ithelium; this tendency not l)eing realised where 
growth occurs in the hard, relatively unyielding structure of the 
gums, but being readily unfolded in the lungs, where the alveolar 
walls form a type of scalYolding which invites the tumour (‘ells to 
form acini ami where the space provided by tlie alveolar lumina 
allows room for the assumption of columnar sha])e. One is struck 
by the resemi>Iance of this tumour to the inixe<l salivary gland 
tumouis of man, similar tumours to wliicli may also be tound in the 
gunis and elsewliere. The endotheliomatous tyq)e of growth 
encountered in such tumours has been resjmnsible for a well-known 
theory’ of their end(»thelial origin in man, a ver.v understand- 
abl(^ deduction from the morphology. In more recent times these 
tunmurs have been (onsidered rather of epithedial origin; and 
Ewing, Avlio discusses this (juestion very fully, is willing to aseribe 
to such epithelium the proj>erty' of forming matrices cljaracteristic 
of corrective tissue (fibrils, (‘artilage, etc.), a (‘onceptioii which is 
of course reiruguaut to those who hold to the specificity' of the adult 
germ layer derivatives. His conclusions on this subject are as 
folhiws {Xroplasttr J)iseases, ]). 775): '‘(1) The endothelial 
origin has been disjnoved. (ii) Xo single source of the mixed tumour 
meets all re(]ui!emeuts. Some are distinctly adenomatous, and 
jindrahly arise from the acini and du(*ts of tire (salivai.v) gland in 
whi(*h llnw are well incorporated. Others are encajrsulated or 
extraglandular, and take tire form of basal cell or adenoid cy*stic 
ejdthelioma. I'ln^se jirohahly arise from inisjdaced and, occasionally*, 
embry onal irortions of gland tissue. Jlranchial remnants may jrossild.v 
be connect(Ml with this grou|>. (•{) The dtudvation of mucous tissue 
and (‘artilage from gland ejdthelium has been satisfactorily proved, 
and there is no m?c(\ssity of including in the originating tissue* any* 
cartilaginous structures One is not, however, inclined to believe 
ill a metajdasia of cells derived from adult epithelium into tissues 
whi(‘h are usually* the derivatives o) the nursenchynie: one sees in 
the false mixed tumours, Avln^rever tliey* may arise (breast tumours 
of the dog, embryonal iiejihromas, salivary gland tumours) a single 
])roblem constituted by* ]mth(dogi(*al groAvth-piocesses, uhich on 
analysis present such closely similar features that one looks for a 
single histogeuetic* explanation to cover these diseases. The jnesent 
case presents similarity especially to the mixed mammary* tumours 
of dogs, in which also may be observed the transformation of cells 
growing in solid form into sjundle-shaped elements associated with 
connective-tissue fibril production and into osteoblasts associated with 
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bone formation. An endothelial origin for this largely endothelio- 
matoid and angiomatoid iieo]>lasm is not to be thought of, both on 
account of the tniiisformatioii into clearly epithelial cells and of the 
formation of keratinized pearls—(“ pearls found in endotheliomas 
have hyaline centres, i.e. are collagenous in origin or may even be 
calcified, but, e.g. according to Ewing, prickle cells and kerato- 
hyalin grannies are absent in endothelial tumours ’’). 

This tumour is best explained on an embryonal basis: a false 
mixed tumour arising from the proliferation of cells, originally 
identical in tyf)e, but unfolding various embryonic potentialities as 
growth proceeds, especially under the modifying influences of their 
varying environment at different points. The fact that squamous 
epithelium, glandular epithelium, endothelium, pd connective- 
tissue derivatives are formed gives rise to the suspicion that the cell 
or cell-group from which the tumour arose might have been set aside 
at a time prior to the completion of the differentiation of the germ 
layers. It seems to me very unimportant to name these mixed 
tumours histologically, except from the point of view of a convenient 
summary of the actual histological structure: if such a name is 
desired for this tumour it would be osteo-fibro-sarco-carcino-endo¬ 
thelioma. On the other hand more information is to be conveyed by 
bringing such tumours into line with the tendency to name embryonal 
tumours according to their jmsition in the body (e.g. nejdiroma). 
Ei)ulis is a general mime for tumours of the gum and by that name 
the juesent tumour is conv^eniently designated. 

Diagnosis ,—Embryonal epulis (i.e. a mixed tumour of the gum 
composed of cells of embryonic [lotentialities) with multiple pul¬ 
monary metastases. 

iVote ,—The tumour of the base of the heart jn this subject was 
originally mistaken for a further metastasis of the gum tumour. Hut 
it is an independent primary tumour having no relation to those 
which have been discussed and it is to be described under the heart- 
base tumours of the dog. 

An Interesting Mired NeopUmn of the Lnng of a Sheep, 
{Ovine^ 53(S2.) 

The subject was a sheep which died as the result of bleeding 
for the preparation of bluetongue vacciiie(^“) and in one lung of 
which a solitary, pea-sized nodule was present, situated in the lung 
substance but visible through the pleura. It was described, on section, 
as being of a greyish colour. It appears sharply circumscribed. 

Microscopically, the whole focus is well circumscribed, although 
a capsule is totally lacking. It consists of (1) a central portion, con¬ 
stituting the bulk of the focus, in which the lung parenchyma has 
been completely substituted by the neoplastic tissue to be described 


(10) Since tlie numerous sheep which die from such a cause at this Institute 
are subjected to a scrutiny serving the purposes of meat inspection only, no 
cietailea autopsy record exists in this case. 
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Fig. 171.—A teratoid mixed tumour of the lung of a Bheep: Note simulation of the atructuro 
of the spleen; above, right, lymphoid type of tissue resembling a Malpighian body 
with central arteriole and “ germ centre *’; left, strands of neoplastic smooth 
muscle representing splenic trabeculae; below, right, adenomatoid epithelial 
tubules; between these moieties a tissue simulating the red pulp and containing 
myelocjdes. (5382 ; 250 X). 
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and (2) a fairly broad i)eriidieral zone into whit-Ii the first zone passes 
without deniaiTatiori and whicJi consists of liin^* tissue still in process 
of being* re])laced by t’he neoplastic tissue. This perii)heral zone has 
a sharj) boundary against the normal lung tissue. 

(1) The bulk of the nodule is composed of a tissue which at 
once impresses one by its resemblance to splenic tissue (Fig. 171): 
The trabeculae are rei)resented by prominent, irregularly arranged 
and dispersed, variable-sized, branching bundles of atypical smooth- 
muscle fibres, whose nuclei ofieri show irregularities of outline; the 
white pulp (Malpighian bodies) is (*ompletely simulated by circum¬ 
scribed aggregations of small and medium lyinphocytes supported 
by an iiicons])icuous cyto-fibrillar reticulum as in the normal 
lyjjiphoid nodule. Each is provided with a “ central arteriole (and 
its branching system of delicate capillaries or piecapillary arterioles) 
which usually lies eccentrically in the nodule. Distinct secondary 
nodules (germ centres) are not seen, but areas of giefiter condensation 
of the elements of the cellular reticulum with rarefaction of the 
clearly lympho(‘ytic (ells occurring near the (eiitres of some of the 
nodules fully correspond to such striudures; the bulk of the tissue 
in which the lymphoid nodules and the nius(‘ular trabeculae (as seen 
in section) lie dispersed is comparable with the red i)ulp of the si>leen 
or haemal node tissue. It is composed of cells of the fixed reticulum 
or reticulo-eiidotlielial type which form a cellular syncytium with 
associated retifuilar fibrils and with haemic elements, and whi(*h 
line sinusoidal spaces containing free blood-cells—in other words, 
correspojiding to the sinusoids and intervening cords of Dillroih in 
tlie normal spleen. The most noti(‘eable departures from the 
structure of the red i)ulp of the normal spleen are (firstly) that tlie 
haemal elements mentioned are almost exclusivelv eosiuojihil granu¬ 
locytes, fewer lymphocytes and scarcely any erythro(»yleB being found 
in the tracts corresjionding to llillroth^s cords; and (secondly) that 
as compared with the cellular reticulum of normal s])leen, the 
supporting ciells in this tissue are much more prominent—they ap])ear 
“ mobilized : they are less regula*r in size and shajie, their nuclei 
are often hypeirhromati(^, their nu(deoli may be somewhat enlarged 
(e.g. n : N=:l : 25) and blotchy, mitotic figures may be seen among 
them (not frecpient) and if a careful search be made evidence of the 
transformation into eosinophile leucocytes (viz. the preseme of 
eosinophile myelocytes) can be detected. In this s}deen-pulp-like 
tissue lie dispersed many gland-like acini lined by a single layer of 
cells having the morphology of (solumnur oj* ciiboidal epithelium. 
The lumina of these tubules contain the desiiuamatod lining elements 
and often also many eosinophile granulocytes, forming thus an 
exudate. Such regular lining of the acini by a single layer of 
epithelial elements with well-preserved polarity does not always 
oi)tain; the acinar walls may be thickened to several layers of irregu¬ 
larly disposed cells and there may be obliteration of tlie lumen by an 
ingrowth of the epithelial elements whose pedunculated base is 
continuous with the lining cells. Under such conditions signs of 
anaplasia may become apparent, the n I N ratio becoming increased 
from less than I : 50 to 1 : 14 or even 1:9. In such “ papilliform ’’ 
ingrowths the cytoplasmic boundaries are not distinct and multi- 
nuclear masses of cytoplasm are prone to occur; this cytoplasm may 
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show regressive changes (eosinophilia, etc.) and the nuclei 
pycnosis. The result is the production of pictures very reminiscent 
of those seen in (jertain productive or hyperjilastic pneumonias, in 
which the pulmonary alveolar lining cells are considered to 
proliferate, filling the alveoli with multiniicleated cytoplasmic masses 
spoken of as giant cells (e.g. in the disease jaagsiekte of equines). 
Lumen-formation may fail in these epithelial cell-aggregations; and 
especially in siich cases, but also in the (*ase of the lumen-containing 
alveoli, it was my impression that there are transitions between the 
reticulum cells of the pulp and the epithelial elements; certainly 
there are often to be found condensations of cells of intermediate type, 
and the lining cells of the acini are often apparently in continuity 
with the reticulum-iells of the surrounding pulp. further, a 
pronounced flattening may often be seen in the case of the acinar 
lining elements, which did not impress one as being the result of 
mere accommodation to the pressure of the (often s('anty) exudate, 
in fact from the moiphologicud standjmint one may with justification 
assert that acini occur which are lined in part by typical columnar 
epithelium ami in part by typical (Hattened; endothelial elements. 


(2) In the peripheral zone of the nodule, the presence of the 
lung tissue is still recognisable; there are the compressed or almost 
obliterated pulmonary alveoli whose walls are iinmded by the eosino- 
phile leucocytes and strands of atypi(*al plain niuscle. The epithelial 
acini also occur and have to be distinguished from still persisting 
bromdiioles with their more regular lining of ciliated cells. Mitotic 
figures may sometimes be seen among the neoplastic e])ithelial cells. 
These neoplastic acini appeared, as in the case of the imlmonary 
metastases of the dog tumour (7S08) previously described, to be 
formed by the proliferating epithelial elements using the framework 
provided by tlie pulmonary alveolar walls as a stroma along which 
to grow. As has been said, the transition from the central zone of 
re})lacement to the peripheral zone of progressing invasion is a 
gradiial one. 


Diitrasslon .—This is a tumour, apparently of embryonal type, 
in which, besides the imitation of splenic structure, einthelium is 
formed. Tn my opinion this growth also, like those we have discussed, 
falls under the class of false mixed neoplasms (teratoid mixed 
tumours), i.e. T am willing to believe that all its elements may be 
ascribed to the ]>roliferation of a single persistent embryonic cell 
(or cell-group). It may be arguetl that since e])ithelium is formed 
as well as mesodermal derivatives, Ave should think here of a didermal 
teratoid tumour; hut I feel that those appearances are genuine which 
lead one to believe that the reticulum-cells, (*a])able of lining blood- 
sinusoids and transforming into granulocytes, have also the poten¬ 
tiality of growing as epithelial elements—a potentiality which is 
exercised only under favourable environmental conditions, viz. when 
a pre-formed scaffolding ” encouraging an alveolar type of growth 
is already present. Such a stroma^ is provided hy the Avails of the 
hollow pulmonary alveoli and over it the cells (both in this case and 
in the case of the lung metastases of dog 78(18) groAv along the path 
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of least resistance, i.e. they line-out the alveoli(^‘). [One cannot 
hel]) thinking, a])ro})os of this tUscussion, of the doubtful nature 
(epithelial—i.e. entodermal—or mesodermal) of the pulmonary 
lining cells themselves, and further of the peculiar intra-alveolar pro¬ 
liferation which characterises the disease of sheep known as jaag- 
siekte. Has the occuiTence of a tumour such as has been described, 
in the same organ (lung) of this same species possibly a hint to offer 
us m connection witli these two problems? 1 am not in a position, 
nor is this the time to enlarge ui)on what is merely mentioned as a 
suggestion; nor do I wish at this juncture to express my suspicions 
in any more concrete a form. Hut the facts that what may not 
inaptly be termed neoplastic splenic tissue can grow in the lung of 
a species of animal to which jaagsiekte is peculiar, that the cells 
capable of forming such spleen-like tissue may also transform into 
epithelial. elements lining lumina and exhibiting papilliform jn- 
growths(^“), that here also, although there is no encapsulation and 
the neoplastic tissue has the p<)wer to grow invasively in the pul¬ 
monary tissue, ihe whole focus nevertheless remains (‘ircumsc.rihed 
with reference to the surrounding pulmonary j^arenchynia and doef> 
not (api)arently) give rise to metastasisC”)—all these appear signi¬ 
ficant and deserving of Ihe attention of those interested in the patlio- 
logy of that most puzzling and ])eculiar disease, ovine jaagsiekte |. 

This lesion was routinely diagnosed as “ leiomyoadenoma the 
observer making the routine report had apparently not been striudv 
by the extraordinary resemblance to spleen, whicli is not surprising 
when one remembers that he was examining lung. Bui if a name 
must he given to it, the above is (juite inadeipiale. A term fully 
conveying the histology of this tumour and modelled on the a(*copted 
princi]des of oncological nomenclature is not easy to devise: perha]»s 
“ lyinpho-(reticulo-)endothelio-myelo-leiomyo-adenomu " might serve. 
But how futile it seems to waste one’s time in devising such 
larcical curiosities of nomenclature I The tumour is a mixed neo¬ 
plasm characterised by a remaikable reproduction of splenic struc¬ 
ture, by ‘‘ myeloid metaplasia ” of^that tissue, and by the presence 
of an adenomatoid moiety. 

Diagnosis ,—Mixed (embryonal) tumour of the lung. 

Other Minted Ttimonrs in the Collection. 

A benign tumour situated in the subcutis of the face of a sheep 
tOvine, 8187) w'as diagnosed as a fibrolipoma. It was considered 
that the irregularity and ♦pronounced development of bundles of 
collagenous tissue favoured more this diagnosis than that of lipoma 
jibrosum, but as has been seen, a dividing line between excessively 
developed stroma in a simple tumour and two independent neoplastic 
moieties is hard to make, more especially w'hen, benign tumours 
being concerned, one cannot be guided by signs of cellular anaplasia. 

(**)To place my meaning here beyond doubt, 1 had best say that 1 should 
be prepared to .see non-neo|na8tic embryonic splenic reticulum cells also form 
epithelium if (e.g in tissue culture) they could be brought into relation with 
a sub-stratum whose geometrical form provided a background suitable for an 
acinar type of growth. If the environmental “ stagebe set, the (cell) 
“ actors ” will respond by playing appropriate parts, 

(1=*) cf., in each case, the pathology of jaagsiekte. 
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Fig. 172.—Leiomyolipoma of the vagina of a dog: Irregularly disposed strands of smooth 
muscle in JipomatouB tissue. (14715; 75 x). 

A large number of tuiiioiirs have on consideration uot been 
classified under the mixed neoplasms. These include tumours 
with a hyjjerplastic stromal moiety. Such are common in the fowl 
and comprise especially carcinoma leiomyomatosvm and leiomyoma 
haemangiomatosum. It has already been mentioned how often the 
stroma of tumours of the avian female reproductive tract have a 
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smooth-muscular stroma which is extremely hyperplastic. These 
tumours were not considered to be appropriately termed leiomyo- 
caroinoniata or adenomyomata. Further, in the common leiomyo¬ 
mata of the fowl all grades of vascular development are to be seen. 
These growths are in the same way not suitably designated haeman- 
gio-leiomyomata: we do not consider the vascular element to repre¬ 
sent a separate neoplastic moietj*. 

We have previously mentioned the undesirability of including 
carcinomas characterised by osteoplasia in their stromas as mixed 
tumours (osteocarcinoma). Such growths have been discussed under 



Rio. 173.—A teratoma of the ovary of a hen (scale in centimetres). (11866). 

the carcinomata. After some hesitation it has also been decided to 
classify under the simple tumours one of the fowl (150C3) charac¬ 
terised by a fibro-osteo-chondromatous structure, the heterogeneousness 
of the tissue being considered the result of nothing more than the 
expression of the normal potentialities of the connective-tissue cell 
Avhich may be retained even under adult conditions, i.e. it was not 
necessary to explain such a tumour on an embryonal basis. It has 
been mentioned among the benign connective-tissue tumours.^ 



1'IBJ<0-EPITHELIAL TUMOURS. 


Finally, in accordance witk the views ot Joest, the common 
equine “ cholesteatomata are not considered here because they 
represent a iioii-neoidastic process. I refer to the newgrowths 
commonly aftecting the telae choioideae in this species and often 
encountered a1 this Institute, although hut seldom collected as speci¬ 
mens. There are, of course, more truly neoplastic “ cholesteato¬ 
mata ” of a dilTereiit nature, such as those epidermoid cholesteatomas 
found not only in man hut also (rarely) encountered in horses by 
Bonnet (1880-1), iJ’Fadyean (1902), and Joest (1921). We have no 
such (!ases, however, in our ciollection, all being ot the comim)ii 
plexus (diolesteatoina type Avhich are considered by Joest to arise as 
chronic inflammatory newgrowths (grauulomaia) caused by the 
deposition of crystalline cholesieriii in the trJae, 

A Naiv nil Fibrn-c})ith(dial Tinnonv^ of the Skin and 
M nco ns M e nihta n c.s*. 

iSo one wlio niahes a study of neojdastic j)roliteiatioiis of the 
skin of boviiies and e(|uines and of the buccal mucosa of dogs, at 
least as they occuir in Soutli Africa, ('.an tail to be dissatisfied with 
the existing metliods of classification. Since, in human patholog\, 
although the matter has l>een the subject ot considerable contro¬ 
versy, ))a])iIloma has come to be treated iis it (simple) tumour of 
epithelium, ihen* has been a tendency in veterinary pathology to 
follow <perha]^s somewhat blindly) in the same direction. But 
ol)Si*rvation of the histology of skin tumours in animals leaves one 
convinced that, granted that we are dealing with ^rue neojdasms, 
then true inixed tumours aie concerned, i.e. fundamentally, a dual 
and more or less hiinultaneous proliferation of both the (epithelial) 
(‘buiiciits of the e[)idenjiiH (or mucosa) and the (('onnective-ti^sue') 
elements of the cutis vera (or propria). This duality of the response 
ts> the cause of the lesioiKs has been cunphasised by Wirsching (191il), 
dealing with bovine (‘iitaneous papillomatosis. 

J^^pillo]nata arc well known in domesticated animals, viz. in the 
dog, a species in uliich buccal j)a})illomatosis is very common (Fig. 
174) and in the bovine, in which skin ]>a])illomatosis is an etjually 
universal disease (h'ig. 17o). Both these conditions have lieen shown 
to be expcMimcntally transmissible by filter-]>assing principles, and 
to atlect (diietly young anima1s('''‘). They are aKo exceedingly 
common, as i> well known to any observer of animals: but one cannot 
expect the incidence of such tumours to be reflected by the statistics 
of an institute of ])athology, both hec'>ause the diagnosis is usually 
obvious, even to the layman, and because the effects of the disease 
are rarely serious enough to Avaimiit recourse to professional 
advice. The jiatliology and histojnithology of the papilloma of dogs 
and of cattle are well known. These tumours are characterised by 
primary inultipli(*ity(‘^) and by a rate of growth which is often 
rapid, indeed parallel with that of malignant tumours; this is re¬ 
flected by the high mitotic index which may he found in these 
growths (e.g. as much as fi in the dog). 

(18) Probably because older animals have an acquired immunity to the 
disease. 

As distinguished from multiplicity by meta.stasis. It is likely how¬ 
ever that often perhaps only one tumour is actually primary, the others being 
set up by contagion from tins focus. 
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It has been said that papillomata are, for the purposes of this 
short discussion, to be treated as mixed (fibro-epithelial) prolifera¬ 
tions. But in domestic animals all inter^rades can be found from 
tumours in which the epithelial proliferation is preponderant to those 
in which the proliferation of the fibroblasts of the corium is the chief 
process concerned. The buccal ]>apillomas of the dog offer the best 
exaniple of the first tyi)e. These in their early stages consist in 
nothing more than a proliferated epidermis, which is thickened to 
form what is histologically a purely epithelial tumour, in the shape 
of a thick cap of epithelium without a stroma derived from the 
cutis vera. At a later stage the underlying connective-tissue elements 



Fig. 174.—Contagious buccal papillomatosis of the dog: Ohoeks, palate, and phamyx 
affected. (14201; 1/2 X). 


start to proliferate, but only slowly, so that relatively highly col- 
lagenised neoplastic papillae of the corium result and one sees neither 
a great degree of cellularity of the fibrous tissue nor mitotic figures 
among the fibroc 3 'te 8 . In this later stage these tumours of the dog 

{ iresent what is usually accepted as the most tyjpical picture of papil- 
oma, and indeed these neoplasms have considerable claim to be 
rerarded as purely epithelial tumours, the corium proliferation pro¬ 
dding merely what amounts to a stroma, and being of no greater 
degree than is demanded for the support and nounshment of the 
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neoplastic epithelium. These neoplasms of the dog usually remain 
small, for this very reason, although occasionally confluence of very 
numerous nodules in the fauces and pharynx may prove clinically a 
serious matter. 



Fig 175.—A severe oaec of infectious papillomatosis affecting the head of a calf: Dorsal 

view of face. (4112). 


377 


MIXED TUMOURS. 


In boA’iiies a somewhat different pieture is encountered. Here 
the tumours in question affect the skin. A^?ain, in the most typical 
cases, the epithelial proliferation is preponderant, as may be seen 
even with tlie naked eye in the well know-n papilloma coralliforme^ 
with its multiple acuminate, keratinized proje(3tions. But the 
elements of the cutis veva here ])lay a less passive part: not only 
are the dermal papillae prominent and cellular—(fibroblasts), but 
the more superficial epithelial proliferation may rest on a veritable 
bed of proliferating^ fibroblasts whicli may extend into the subcutis, 
forming in itself a fairly (urcumscribed and discrete enlarj»*ejnent 
comi)osed of cells which are proliferating- with sufficient rapidity to 
preclude the dpi)osition of collaj?en in any notable quantity. When 
such fibroblastic ])roliferation reaches its hig-hest degree, it has been 
our exjterience that a diagnosis of “ fibrosarcoma ” or “ spindle-celled 
sarcoma ’’ is made, the superfitiial epithelial proliferation being 



176,—Typical fully developed sarcoid in a donkey. (Path. 17384). 


leferred to as an acanthosis and presumably being conceived as of 
the nature of a collateral or incidental hypertrophy of the epidermis. 
In these bovine tumours, generally speaking, e|rithelial and fibro¬ 
blastic proliferation tend more or less to keep pace with each other, 
and histologically one has to deal with a mixed tumour, regarding 
which it may (although with doubtful profit) be argued which moiety 
undergoes the primary proliferation and which the merely responsive 
or secondary proliferation. 

In equines, tumours which are histologically obviously recognis¬ 
able as papillomata are rare, in South Africa at least. On the other 
hand, we en(*ountered no less than 44 tumours of the skin of equines 
(including horses, donkeys and mules) which had been variously 
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diagnosed as “ fibrosarcoma “ spindle-celled sarcoma or 
fibroma ** of the skin, which were all clearly of the same nature, 
and which clinically have several features in common with tumours 
usually recognised as papillomata in other animals; viz. their 
tendency to multiide occurrence, their often rapid growth, and the 
evidence tha< they are transferred from one part of the body to 
another by contact. Their sites of j)redilection are the lower ])ortions 
of the limbs (e.g. the cannon region), the eyelids, the lips, other parts 
of the skin ot the head, and the sheath of the i)enis, elc. (Minically 
these tumours often appear to be transferred, e.g. from a limb to 
the lip, from the eyelid to a limb, from the sheath (d the penis to 



Kia. 177.—Front view of the heait of the donkey shown in fig. 176 : An early and not yet 
ulcerating sarcoid at the base of the right ear. (Path. 17a84). 

the inner aspect of the thigh by direct contact of the j»arts such as 
occurs during biting, scratching, or during progression(**’). Or they 
may be transferred to other jiarts (e.g. from one side of the head to 
the other) in a manner strongly suggesting the carrying of infection 
on the bridle, harness, or possibly the hands of attendants, etc. 

(/*) I am much indebted to l>r. J. Quinlan, Sub-Director of Veterinary 
Services, for his advice and information regarding the clinical behaviour of 
these tumours, of whicdi he has had extensive experience in his surgical 
practice. 
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Fio. 178.—Another advanced sarcoid on the medial aspect of the crural region of the same 
donkey as figs. 376 and 377. (Path. 17384). 



Fia. 179.—&reoid of the face of a horse: A ease of reoorrenoe after auisioal leuoral. 
Photo taken about 6 months after operation. (P.O.B. 81276). 
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A study of this la3 <^e series of tumours sTiows very convincingly 
their true nature. In the earliest stages (Fig. 181) they consist of a 
proliferation of the e])idermi.s and a cellular proliferation of the cutis. 
At this stage the lesions may be recognised even with the naked eye 
as ‘‘ papillomatous ’’ because they are covered by acuminate kera¬ 
tinized ejiiderinal processes, or at least by a tl^ickened and ‘‘ crusty 
epidermis. But they are rarely seen or noticed in this form: soon 
the fibroblastic proliiferation appears to gain the ascendancy and the 
neo])lastic, connective tissue early ulcerates through the epidermis. 
At this stage (Fig. 182), microsco]>icully, one sees a cellular fibro¬ 
blastic tissue which is covered only in ])art by what appears to be an 
acaiithotic ei)idermis; the latter is thinning under the tension to 



Eld. lSO.--An t'quiiK’ sarooid (from tho skin of the of a horso) showiiig^the ulccratiiig 
surface (right) and (left) the nature of the jM^iuncuIation* on section. 
(10220 ; 3/5 X). 


which it is subjected from below, and in parts the fibroblastic tissue 
ulcerates through to the surface, becoming immediately the subject 
of a superficial Imcterial infection with consequent leucocytic infil¬ 
tration. In the later stages these tumours are no longer recognisable 
for what they really represent. They form, macroscopically (Figs. 
176, 177, 178, 179, 180), bulky, jnnkish-white, blood- and pus- 
encrusted, fungating outgrowths, overhanging the surrounding skin 
(w^hich often shows smaller lesions of the same nature) and which 
show, when cut, a varying consistence: they may be fairly highly 
fibrous, especially in their deeper parts, or they may be softer, giving 
but little indication to the naked eye of any considerable degree of 
collagenization. They may be thickly pedunculated (Figs. 176, 177, 
180) or more broadly attached (Figs. 178 and 179) to the skin. It 
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is ill tliis stage that the affected animals are almost invariably received 
for surgical attention, or that the specimen reaches the pathologist. 
The histological i)icture is as follows (Fig. 183): — 

The growth consist of bundles of fibroblasts which are almost as 
irregularly ananged as in a sarcoma. They run in all directions. 
The degree of collagen deposition varies, being sometimes as much 
as to suggest the diagnowsis of fibroma, or even of keloid, and being 
at other times almost absent, suggesting a diagnosis of spindle- 
celled sarcoma or at least of fibroplastic sarcoma. As in sarcomata, 
a greater or lesser degree of participation of the capillary endothelium 
is to be observed and occasionally mitoses can be seen in the endo¬ 
thelium of the budding vessels. This degree of capillary multiplica¬ 
tion, however, is seldom sufficient to suggest the diagnosis granuloma, 
and indeed in virtue of its coU[i])actness and irregularity, and of 
the inconstancy of fluid or cellular exudate, the tissue 
wmld not be described as granulation tissue. Infiltrating 
neutrophils are constant only in the zone of ulceration. 
Infiltrating lymphocytes and eosinophiles are often more 
widely dispersed: the latter are a fairly constant feature of 
these tumours, but do not usually occur to the degree that is 
described in the lesions known as “ summer sores they are oftc*u 
absent. In ])arts, areas of oedema may sometimes juoduce small foci 
of myxomatoid a])j)earauce. In the highly cellular tumours (be 
mitotic iudex may be high, offering no chance of distinction from 
sarcoma. Yet apart from the often great irregularity of their 
arrangement, the fibroblasts show usually no distinct signs of ana¬ 
plasia : gross irregularities of nuclear shape, hyperchromatosis, and 
nucleolar enlargement beyond the degree seen in non-neoplastic fibro¬ 
blasts (e.g. in granulation tissue or in tissue culture) are not 
encountered. Only in a few cases were seen in tumours, otherwise 
identical wdth those being discussed, the intranuclear ‘‘ inclusions ’’ 
which have been referred to so often in this work. 1 did not consider 
that, on the grounds of their ppesence alone, a distinction should 
be made and a malignant tumour diagnosed. (It will be remembered 
that such inclusions are not confined to malignant tumours). The 
tumours do not invade deeply; and, although they are not eiKjap- 
sulated, muscle and bone are not infiltrated. In fairly advanced 
stages, fragments of the acanihotic epidemis with elongated rete 
pegs may be seen still adhering to the surface here and there. 

A problem arises iii *the terminology of these tumours which is 
not easy to decide, and quite impossible of solution unless the whole 
process in all its stages, in its clinical features, and in its relation 
to the tumours of bovines and canines is kept in mind. At this 
Institute, many diagnoses of “ granuloma ^ have been returned in 
respect of these growths. This is not admissible, for two reasons: — 
Although the tissue concerned may be conceived as being histolo¬ 
gically intermediate between granulation tissue and (fibroplastic) 
sarcomatous tissue, it is nevertheless not granulation tissue histo¬ 
logically; secondly, the diagnosis of granuloma from biopsy material 
misleads the surgeon: these tumours are not readily amenable to 
surgical treatment; they have so notable a tendency tu recurrence 
after extirpation (Fig. 179) that they appear to the clinician as 
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Fio. 181.—Structure of the equine sarcoid in the early stage : Aeanthotic epidermis covering 
the proliferating dermal papillae (papillomatous structure). (10077 ; 120 X ). 
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actual (locally) malignant tumours. In a number of other cases, 
the equally unsatisfactory diagnosis of fibrosarcoma ” has been 
made. Here again there are several weighty objections: histolo¬ 
gically those signs of cellular anaplasia w^hich are associated with 
sarcomata are absent; unlike sarcomata, these tumours never give 
rise to metastases, or to deep invasion, and the unfavourable 
prognosis suggested by the diagnosis of sarcoma is therefore quite 
unjustified; lastly the extraordinarily high incidence of the growths 
is quite out of keeping with the comparative rarity of sarcoma 
(especially of the skin) in domesticated animals. 

If, disregarding the histopathology of the tumour in its full 
developmenial stage, and enthusiastic about those features of its 
inception and behaviour which point to a relationship to the conta¬ 
gious skin tumours of other species, we should call these tumours 
papillomata, there would no doubt be equally serious drawbacks: 
W’e are dealing wuth a process which, in its later stages, is a pure 
fibroblastic proliferation, very different from the classical picture of 
papilloma. Further, papillomata have come to be regarded as such 
innocent tumours(*“) that a false optimism in respect of prognosis 
would be communicated to the clinician. Lastly, except in their 
earliest stages, the tumours bear little resemblance in gross patlio- 
logy to papillomata. 

In this (juandary, I have been accustomed for some time past to 
return the diagnosis of “ equine sarcoids ’’ in respect of these 
growths. The term is adapted from human pathology. It is service¬ 
able in expressing both the connective-tissue character of the grow ths 
and the caution which must be exercised from the jirognostie stand¬ 
point. It denotes a process wbich is quite specific and further it 
relieves us froin the responsibility of deciding \vhether these lesions 
are true tumours or more related to a chronic inflammatory process. 
The equine sarcoid is probably to be regarded as a one-sided develop¬ 
ment of papilloma. It may be that the cutis of the horse, as com¬ 
pared with other animals, responds more vigorously to the cause of 
papillomas than does the epidermis; or on the other hand we may 
regard the cause of these tumours itself to act for preference on the 
mesenchymal derivatives in equines and on the epithelium in dogs, 
the bovine occupying an intermediate position in this respect. 


As is well known, liqwever, papiilom«atosis in calves may in individual 
cases be very serious in its results and neglected cases (Fig. 376) may carry 
unfavourable prognosis. 
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Tus. IN:!. A sfUMcwlmt Ijitcr in the development of equine sarcoid than was shown in 
rij^. 17h: the liiirohlastic proliferation is “ gaininir tliv upper hand'* and is 
romtncncinn tr) ule<*iate throii^jh the (‘pkk^nnls wliose enlaixcl rete jH‘^rs are now 
uiiderjioiiiji atrophy. (1483;!: !K> •'). 



Fig* 183. —Detail of the Htructiirc of the fully-developed ^uinc sarcoid : Irrc^giilarly disposed 
bundles of rapidly |iroUforatiiig fibroblasts with moderate production of collagen. 
(2001; 175 X). 
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CHAPTEll XT. 


The Contagious (Transmissible Venereal) Neoplasm of the Dog 
and the Heart*base Tumours of the Dog. 


L The Contagious (A'enekeal) Tumouk. 

Gen end Con side ratio ns, 

Tice \v«ll-kii<n\ ii aii<l experi ineu tally transmissible 

canine iieojilasnis aje uiiiciue in Jiiore than one respect. In the first 
place they are the only true neoplasms which are known habitually, 
and indeed (as we shall see) probably exclusively, to arise on the 
basis of transmission from individual to individual by direct contact 
and throu<:»:h an actual natural grafting of the neojdastic cells them¬ 
selves. Secondly, they have consistently bafiled attemj)ts at a satis- 
lactory classifi(‘ation on the basis of their histo)ogical characters, 
although an unlimited amount of material is available for study. 
It is time that the [lathologist ocimsioually encounters examples of 
neoidastic proces'^es to which it is difficult or imiiossible to assign a 
certain place in the histological classification, but this is usually 
because the rare (xcurrence of vsueh jirocesses precludes tlm obtaining 
of a large numb(*r of cases for study and comparison. Here, on the 
other liand, we have a tumour of common occurrent‘e, cases of which 
cun be ])roduced at will with the greatest of ease; nevertheless, most 
cautious authorities are agreed that it is as yet unsafe to attempt 
the application of a rigid histological term whereby to des(‘ribe them. 
While at first glance this may seem rather extraordinary and even 
an indictment of our ability as microscopists to reach a conclusion 
about the evaluation of tbe very definite appearances which are pre¬ 
sented to ns, yet a moment’s reflection shows that the problem is a 
very real one, by no means to be solved by a mere unsupported asser¬ 
tion, on the part of any individual observer, regarding what he con¬ 
siders to be the hivstological and (wtological nature of this tumour 
tissue. 

Any microscopic diagnosis of a tumour, w’hich is to be worthy 
of serious consideration, must be based on at least one, and prefer¬ 
ably on both of two cardinal features: {a) the morphology of the 
cells, and (6) their histogenesis. Now it is in respect of these very 
tw'o criteria that microscopic study has given so little assistance, 
{a) because the cells of this tumour remain in an undifferentiated 
state and neither by their actual structure nor by any structural 
products associated with their gro'wth do they declare their nature; 
and (6) because, being transmitted from one animal to the next they 
do not in any given subject have an endogenous histogenesis; in other 
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words they do not arise from the cells of the body of the affected 
individual. And when one considers that in spite of the association 
over some three decades of many j^really respected names with this 
morphological study, there is still to-day no agreement as to the 
cytological nature of these tiimours, it is evident that anyone can 
scarcely hope, by ])nrely histological study, to carry the problem 
further. 

Earlier observers (e.g. Jfovinsky and Wehr) of these tumours 
considered them as caicinomas (i.e. postulated for the cells an epi¬ 
thelial nature). Ijater the ])endiiluiii swung in favour of round- 
celled ” saicoma, or, more definitely, lymphosarcoma. To this view 
authorities of the re])ute of Heebe and Ewing (IbOfi) and Sticker 
(1904) have subscribed, although the former make certain reserva¬ 
tions. It will be recalled that Bashford and Murray’s (1905) work 
was long res]>onsible for an erToneous impression that the transmissible 
canine tumours were not true neojdasms, but infectious granulomas; 
and this was also the o])iiiion of Wade (1908). Several workers since 
them, the first being Beebe and Ewing, have comj)letely demolished 
the idea that the tumours did not grow by the multijdication of the 
(foreign) inoculated cells themselves, and to-day no one seriously 
questions the truly neoplastic nature of the process or believes that 
a virus, sejiarable from the cells, ])lays any part in the appearance 
of these growths. 

In s])ite of the reservations made by Beebe and Ewiiig regarding 
the lymphosarcomatous nature of these tumours, that view has been 
ver 3 ^ generally, and in my opinion far too hurriedly, adopted. Histo¬ 
logical examination favours, if anything, more their interpretation 
as carcinomas than as sartiomas. In favour of a c;arciuomatoiis 
nature is the alveolar structure (viz. cell-groups su])ported b^" a clearly 
distinct fibrous stroma) and the absence of intercellular fibrils; even 
the actual morjdiology of (he cells themselves being at least as much 
in favour of their interpretation as undifferentiated epithelials as 
lymphocytic elements. In all these res])ects, so general a likeness 
to carcinoma do these tumours j)reserve that it has been found to be 
a fairlj'^ common error of diagnosis at this Institute tr) mistake them 
for basal-cell carcinomas (see Chapter II), especially when occurring 
in parts of the body^ where one does not ex})ect to encounter 
“ venereal ” tumours. 

There aj)pearH to exist a considerable juisajqnehensioii regarding 
the aetiology or pathogenesis of the venereal tumours. It is of 
course well known tJmt iff nature the great majority of these tumours 
occur on the genitalia (vagina, penis, ]»reimce, etc.). One finds it 
recognised occasionally in the literature that the tumours may occur 
elsewhere. Feldman (1932), for example, pictures a case where the 
head was affected, w’hile Beebe and Ewing mention that in both 
sexes isolated growths of the skin may occur ... in the back, neck 
... or legs.” But it apj^ears to be very generally assumed that 
in such cases the appearance of the tumour is “ spontaneous ”—not 
by contagion—and indeed Beebe and Ewing categorically define the 
condition as a venereal disease of dogs characterised by transmission 
through coitus , . . ” Those who believe that transmission occurs 
solely through coitus and that growths (apart from the experimentally 
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prodiiceJ ones) occurrinj>' in i)urts of the body other than the ge tItalia 
must be explained as an aetual “ s[K)ntaneous " cancerizaiion of 
(i.e. origin dr tutvo from) the Imdy cells of the affected animal itself 
appear to me to have gone astray in two respp(;ts. Firstly, due 
appreciation has nol been accorded of the extraordinary ease with 
whicli these tumours may be transmitted, both by coitus and ex[)eri- 
mentally : on the genitalia, intecdicm will take place in the absence 
of any visible defect in the mucosae; and, artificially, simple rubbing 
iji of the tumour tissue on the scarified skin sufiices. In consequence 
it appears a pn<tri ]»rohable that coitus is not the only natural method 
of traiisniission, hut that simple conUict of an abraded surface, 
wherever it may be situated, with the tumour cells (such as may 
occur through biting, ]mwing, or perhaj)s even licking or lying on 
material contaniinate<l with the tumour (*ells^ may also cause infec¬ 
tion. Indeed the fact that the tumours oc^c^asionally a]q)ear at sites 
renn)le from the genitalia is strongly in supj)orl ot this view. \V))at 
T wish to make clear, and uhat is nowhere in the literature lucidly 
laid down, is that there is no reason whatsoever to believe that all 
<‘.ases <if the transmissible tumour, no matter where the lesions may 
be situated, are not due to contagion; and that there has been 
hitherto no satisfactory evidence in favour of the ‘‘ simntaneous ” 
occurrence of such a growth. On the prin(‘i]de intia non sunf multi- 
pHranda ptaefrr necrssitaieni^ one must hold that the already estab¬ 
lished pathogenesis ot the tumours by contagion tinows so heavy a 
burden of proof on tliose who would assume, as a further cause, a 
s])ontaneous ’’ origin in some <‘ases, that in the absence of any 
attempt to discharge this onus a multijdicity of causes does jiot inerit 
serious cemsideration, least ot all when such slender evidence is 
offered as (e.g.) that tin* '•ubject <if the su])i)osed “ s}K)ntaneous 
tumour had not been known to have contact or coitus with a known 
infected animal. Feldman actually advances this as a reason for 
belief in spontaneous <uises, disregarding the possibility that dogs 
may sliji tlieir chains unheknown to their attendants and may also 
receive clandestine visitors into the hospitality of their own (piarters. 
Three of the tumours in the <)nderste])oort ctdlectioii oc<*uired at 
]>oints remote from the g-enital organs, and in one of the.se cases a. 
history of the development of the tumour at the site of a hite was 
definitely obtainable. It seems most likely that the majority of these 
cases are to he explained in a similar manner, the tumour cells being 
carried in the .saliva and possibly on the nngulae. And, for any 
j)roof to the contrary yet offered, we must at present believe that all 
cases of this disease arise through cell continuity: the canceriza- 
tion ” is an acconudished fact which need necessarily have occurred 
only on one single occasion, possibly at a very remote time, in a 
certain animal, of the body-cells of which all subsequent tumours are 
direct descendants. The fact that the tumours grow best in the dog 
and can be transmitted only to very nearly related s])ecies (the fox, 
a('Cording to Sticker) further allows us to assume that this act of 
cancerization actually occurred in a dog and not (as might otherwise 
have been a jmssibility) in some other species of animal. 

The question now arises: Was this (hypothetical) instance of caii- 
cerization unique in canine pathology, or have we any other instances 
of it that may be observed? Hitherto there have been recorded no 
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acceptable ‘‘spontaneous” tumours^) of dogs corresponding mor¬ 
phologically and biologically to the transmissil)le tumours. We have 
been fortunate enough, however, to encounter three cases of tumours 
in dogs in which the site and other features of the neoplasms com¬ 
pletely excluded any but a “ spontaneous ” origin, and these are 
the heart-base tumours to be described. In morphology they are 
identical v;ith the venereal tumours and a fragment of one of them, 
under the mici*o8co])e, cannot in any way, even by the minutest study, 
be distinguished trom the contagious tumours. It is regrettable 
that not one of these tumours was encouniered unpreserved, so that 
the jmssibility (which I consider likely) of showing that this mor¬ 
phological identity is the reflection of a biological similarity 
could not be tested by transmission experiments with the heart-base 
tumours. 


Occurrence and Paihological Anat4)my. 

The gross appearance of naturally-con traded transmissible 
tumcjurs is well known to most veterinarians and this is one of the 
reasons why the number of cases (14) in the Onderstepoort collection 
cannot, be assumed to be a true index of the frequency of this disease 
in South Africa. Many cases are diagnosed on clinical examination 
and a biopsy s])ecin]en is often not sent for mici*oscoi)ic examination 
prior to o])eration. This may well account also for the facd that 
such a high proportion of our cases did not occ‘\ir on or near the 
genitalia; for it is from these veiy cases that specimens are likely 
to be submitted, jnost surgeons not being in the hal)it of suspecting 
contagious tumours in dogs when the lesions are not situated on or 
at least near the external genitalia, and having to resort to the aid 
of the pathologist in such cases. Of the fourteen (;ases of this disease 
which have been investigated, only nine were situated in the external 
genitalia, while the remaining four occurred as follows: elbow and 
(later) external ear; upper lip (extending to nostril); hij) region; 
in one case the tumour was described as subcutaneous but the exact 
location was not stated by tbic sender. This distribution is amply 
sutHcient to prove how’ e.sseatial it is, both for the pathologist and the 
surgeon, to be alive to the ])Ossibility of superficially situated tumours 
of the dog, no matter where they may occur, being of the enmtagious 
type. Failure to take this into accMnint has resulted in unfavourable 
piogiioses being given in respect of easily curable neoplasms. 

The chief interest in this study has been found in a case of a 
simultaneous infection with the transmissible tumour and with 
actinomycosis; a case in wdiich an extragenital tumour could defi¬ 
nitely be traced to a bite; and the detailed observation on the cytology 
which have allowed us to correlate the contagious tumours morpho¬ 
logically with certain heart-base tumours of the dog. Only those 
which are essential to demonstrate these points will be reported here. 
Before describing the more atypical tumours, however, I shall give an 
oxam])le of the cletailed observations on what may be regarded as a 
typicjil case. 

(*) No tumour situated at or near the surface of the body can merit con¬ 
sideration as “ spontaneous ” in view of the ease with which infection may 
occur. 
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Case 1 {Canine, 14S31). 

The relevant passages of the autopsy protocol on u male Maltese 
poodle, aged 8 years read as followsThe scroliim is swollen, the 
skin heiug thin and shiny. There are two swellings related to the 
sides of but not involving the penis. On incision of the scrotum the 
testicles are seen U) be displa<!ed upwards by a mass of tissue attac^hed 
to the scrotal skin. The internal iliac lymph gland is enlarged and 
hard, and on section of a denser consistency than normal. The 
superficial inguinal glands are hard, enlarged and on section of a 
whitish colour (causing the two swellings at Ihe sides of the penis). 
l^ithological-anatoiui(al diagnosis; tumour of scrotum with 
metastasis to internal iliac and superficial inguinal lymjdi-glands. 
Aeliological diagnosis: destroyed owning to ino])erable tumour 
nietastases. 

The s])ecimen consists of the scrotum and testicles, the jienis and 
sheath, ami associated structures. The fundus of the scrotum shows 
a firm subcutaneous swelling (M)veied by thin epidermis which in 
one part is erodtal over an area of about 1 cm. On section the 
sw’elling is seen to be attached to the skin, not encapsulated but fairly 
well circumscribed. It displaces the testicles somewhat dorsally, is 
(»val in sha])e, measuring 4 x *1 x cm. and occupying the w hole w'idth 
of ihe scrotum. The colour is a ])inkish-yellow isli-wdiite and the 
tivssue cuts easil;s, having a firm, gland-like consistence. It is demar¬ 
cated frojn the ianiva rar/inahs paricialis hy the scrotal fascia. 
Both su|)erti(‘ial inguinal lym]di-nodes are enlarged, meaMiring 4 ami 
•I cm. ill length (right and left respeelively). They' aie not adherent 
to the skin or suirouiiding structures. 

Mici<»s('0])ically :—The priinarx tumour is not eiicajisulated. It 
lies for the most jiart sula-utaneously and in )>art iiitracutaneously, 
being limited by the more superficial portion ot the cutis verb; 
!)iit in places it extends to within a ver^ short distance of the stratum 
hif.alc of the e|)idermis. rnder low* ])ow’er it appears to consist of 
solid conliiiuous musses of cells with here and there an inconspicuous 
trabecula of collagenous tissue. On higher magnification, the con¬ 
tinuity of the parenchyma is seen to be inteirupted at frequent in¬ 
tervals by very delicate strands of connective tissue whiidi divide tin 
i;ell masses into solid cylinders of irregular shajie and size, oftei. 
1w*o to three cells in thKkne.'S, which appear in section as alveoli. 
I'hese fine septa are ri<*h in i*apillary blood-vesstds. 

The cells are closely-packed polyhedral elements having lathei 
distinct cytoplasmic boundaries and a characteristically ‘‘ undifte- 
rentiated ” appearance. In general one receives the impression of 
considerable cell uniformity, the great majority of the elements 
measuring 8*4 to 9 *8/* in diameter. They have central nuclei, of 
splieri^l or, more often, slightly ovoid shuia?, wdii(*h average some- 
5 6/1 in diameter; smaller ones may measure i‘ 2 fx and larger ovoid 
ones 9*1 X4*2/1, or larger spherical ones 7 /i. The nuclei are Ivounded 
by a w’^ell-defined nuclear membrane appearing as a sharp and cdear- 
cnt line. The most typical ones present a delicate and fine chromatin 
iietAvork, of which the nodes are not prominent, being visible as fine 
granules. But hyperchromatosis is very common, even the majority 
ot the nuclei being affected thereby; in such cases the nucleus is 
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crowde<l with relatively coarse, angular i)articles of basichromatin, 
which may either be uiiifonnly distributed or show a predilection 
for tlie zone adjacent to the nuclear membrane. A fair number of 
the jiuclei exhibit irregularities of form, e.g. are indented, pyriform, 
loaf-shapefi, irregularly triangular, or kidney-shaped. Bi-nucleate 
cells are occasionally seen; in this case the nuclei may he elongated 
( 14 /it) and juesent flattened apposed surfaces due to mutual adapta¬ 
tion. Jliuely, quite irregular nuclei are found with serrated or 
toothed outline ovei’ part of the circuinference. Usually one nucle¬ 
olus is visible in section, but a fair j^roportion of the cells have two. 
The nucleolus is prominent in most of the cells and in many it is 
clearly enlarged. The larger ones vaiy between l-o und H'H/i in 
diameter, the smaller ones a])proxiinateIy J/x. Occasionally altera¬ 
tions in shajje are seen (cigar- or sausage-shai)ed nucleoli^ which may 
mea^u^e as much as 4 0/x in length). The largest n ! X ratios are 
I : 7 to 1 ! l(i. 

The nucleus, in its finer structure, reminds one mmd) more of 
an epithelial than a “ mesenchj'inal type. In many res]>ects the 
typical ones are not unlike those ol the basal cell tarcinoma as 
regards their chromatin pattern, standing in contiast with the 
umblychronuitic nuclei of the fibroblast or endothelial cell as well as 
with the heavily chreunatic lymphocyte nuclei. In general the tumcmr 
cell nuclei are to be devserihed as of le[)tochiomatic and only mode¬ 
rately trachychromatic* type (except where hypcrcdiromtciosis ocM'urs). 

The cell cytoplasm has a slightly o])a(iue a])j)earam*e and stains 
with haemalum-eosiu a light ]uuk-iuauve. AVhtue the cells are closely 
packed, its boundaries are distinctly outlined, showing as fine, retrac¬ 
tile, ijink-staining lines. By c^ireful fotmssiiig, a finely granular 
apl»eannice of the cytojjlasm is seen. 

In j)arts of the tumour associated with a moderate to rather 
heavy infiltration of eosino])hils and lymphocytewS, the tumour cell^ 
sho\v a variety of changes, some at least of which are undoubtedly 
signifit'aut of degeneration, pVciiotic* nuclei being frequent. The 
cells may show ])romiuent large vacuoles, staining with Sudan III, 
and they appear mucdi swollen and in f onsequeiuje to be situated 
farther apart. Their cytoplasm often shows a distinct, finely granular 
api)earance—the.se granules being closely ])acked, staining with 
haemalum-eosin a light mative urnl having a “ soft ” appearance; 
they may even be enlarged to a size comparable with that of the 
gianulaUons of a neutroj)ljile leucocyte and stain almost as bright u 
pink with haemalin-eosin; or although enlarged they may remain 
mauve-staining, but often take on a “ harder a])pearance than has 
been described. These granulations are not to be coufimed with those 
of the mast cells which are in evidence as an infiltrate, especially as 
the overlying epidermis is approached (these cells have much more 
closely-packed and intensely (lark-pur])le-staining granules, which are 
usually arranged in the cell so as to leave a clear ]>eriiiurlear zone). 
In the tumour cells under discussion the nuclear membrane is 
thickened and creiiated and there are moderate to i)ronoiinced pycnotic 
changes. Often there are seen the mo!*t extensive distortions of 
nuclear shape—lobation, angularities, fissures, etc. 
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SeciioiiH of the superficial injyuiual lyiuph-g'lands show that Ihe 
architecture of these organs is much modified owing to a wide dis¬ 
tension of the sinusoidal channels by the iumoiir cells, which in parts 
lie loosely among the meshes of the sinusoidal reticulum and mixed 
with the lymphocytes and eosinophil granulocytes, or in other ])aiTs 
form a solid growth with newly acquired stroma. Among the tumour 
cells, greater anaplastic departures are encountered than in the 
primary. For exaiiqde, one large ceil had an oval nucleus measuring 
14xJl S/x with two nucleoli, the larger of which measured 5 (lx 
2*8/4—(n I N ratio — 1 I 4). The cortical lymphoid nodules persist 
and are invaded at their edges by the tumour cells. (Here oiq)or- 
tunity is found to compare the neojdastic cells with the elements 
of the lymphocytic series, which is of interest in view of the theory 
that these tumours are lynijdiosarcomas: the heavily-staining small 
lymphocyte witln>ut visible nucleolus and the medium lymphocyte, 
with its almost equally jiachychromatic and trachycdiromatic nucleus 
and inconspicuous nucleolus, ju'esent an entirely distinct a[)pearance; 
while the large lymf)ho(\vtes ’’ in staining reaction much resemble 
the fixed retictilum-cells (from which most consider them to be 
immediately derived), having markedly vesicular nuclei with a lar 
less heuA-y (hromatin granulation or network than the neoplastic cell 
nu(*lei, ami nucleoli which do not a])proach in jirominence those ol' 
the tumour cells). Associated with this invasion a lair number of 
jdasma (‘ells occur in the lymphoid nodules at the exjjanding margin 
of the tumour cells. The luedidlary zone of the gland is obliterated 
by a solid growth ol the tumour cells associated with a connective- 
tissue stroma which is licher than in those ])arts ot the primary 
which do not show an infiammatory infiltration; here there is also 
a leucocytic infiltration. 

AV//mr/'.s.- This tumour had jueviously been diagnosed as 
rarrnunna hasocellvhite, but the cells are typical of the con¬ 
tagious tumours and a careful study of the basal cell tumours of the 
dog shows the following differences which may be useful as a guide 
to those who find difiiculty in making such a differentiation in cases 
wheie the contagious tumour makes its appearance in unfamiliar 
locations:—(i) Tlie basal cell tumours usually occur on the head, 
especially the face, of the dog, but may occur elsevvliere (e.g. on the 
shoulder, according to Feldman); the greater iiuinber of the con¬ 
tagious tumours occur on the genitalia, but they may also oecur any¬ 
where on the Imdy, ineluding the head, (ii) In the basal-cell tumours 
the stroma is prominent, highly collagenous and dense, while in the 
contagious tumours it is typically delicate and highly vascular, but 
under certain (conditions (e8])ecially when the tumour is growing in 
organising tissue following the injury through wdiich the cells Avere 
inoculated) it may also be denser and eA^en hyaline, (iii) Regarding 
the cells in the basal-cell tumours these are typicjally elongated ancl 
arranged in rows with the long axes vertical, their nuclei are usually 
very uniformly ovoid or e\'en cigar-shaped; in the contagious tumours 
on the other hand the cells are usually arranged in solid alveoli oi 
cylinders within which the elements have no particular pattern, or 
when they are arranged in narroAv rows or strands no vertical polarity 
is apparent; in shape the cells are spherical or when closely packed 
polyhedral, their nuclei are rounded to moderately oval, (iv) A 
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pronounced contrast occurs in the prominence of the nuclei in these 
two classes of tumours; in the basal-cell growths the nucleoli are of 
a very uniform size ancl the maximum n I N ratio is ca. 1 I 25, while 
in the contagious tumours the nucleoli are nearly always prominent, 
vary in both size and shape and often may be enlarged to give ratios 
as high as 1 : 7, or in some cases even 1 ! 3 or 1 I 4. 

Diagnosis .—Contagious (venereal) tumour of the scrotum with 
metastnses to the sui)erficial inguinal and internal iliac lymph-nodes. 

Ccise 2 {Ca^iine^ 15722). 

The subject was a bull-terrier, 5 years of age, which, during a 
dog-fight, sustained a number of wounds including one on the right 
hip. Some time subsequently veterinary advice was sought for a 
walnut-sized swelling which according to the owner had developed 
in this hif) wound. This tumour was excised in March, 1934. In 
November of the same year the case was presented at the clinic at 
Onderstepoort, there being a recurrence of the tumour at the point 
of the right hip and clinical signs of metasiases in the suj)erficial 
inguinal and internal iliac lyiuj/h-nodes, on account of which destruc¬ 
tion was advised.('*) 

At autopsy a large, rounded, discoidal swelling was seen to be 
situated over the right inher cojrae, measuring 10 cm. in diameter. 
Its central ]>art is hairless and shows an ulcerated area (2*5 x 1 cm.) 
with a sharp epidermal margin. The growth on section is seen to 
occupy mainly the subcutis, in which (deejdy) it is ])artially eucaj)- 
sulated. The consistence is firm and the colour yellowish-white. Over 
the sw^elling the skin is raised ra. 15 cm. abo\e the surrounding 
surface. The circumference of the tumour can be felt through tlie 
skin to be well defined. One of the internal iliac lymph-node-« is 
enlarged to a size of 9 x 4*5 x 4 cm.; on section no cortex and medulla 
are visible, but the whole organ is occupied by a whitish tissue of 
firm consistence (but less resisthnt than the primary) which distends 
the capsule of the node. Other glands of this grou]> are similarly 
affected, hut less markedly enlarged. The sujjerficial inguinal gland 
of the right side presents a similar ai)])earaiice and is much enlarged. 

Microscopically, sections of the hip tumour show* that this is 
situated in the subcutis and is for the most part limited superfi(dally 
by the deeper portion of the cviis 'vera, wdiich how*ever it invades at 
different points to reach the surface. There is a prominent stroma of 
connective tissue which is largely of a dense and hyaline nature, 
staining palely with van Cfieson, but in other parts being fibrillar 
and fairly cellular. This stroma encloses strands of cells sometimes 

(2) 1 am much indebted to he Government Veterinary Officer, De Aar, 
and to the owner, Adolph A’Slaksen, Ksq., tin having taken some pains in 
replying to a correspondence whereby this history* w^as elucidated. It is only 
fair to state that the Veterinary Officer's original impression was that the 
animal w'as suffering from a tumour which had been wounded, not a wound 
in which a tumour developed subsequently. Mr. A’Slaksen’s subsequent 
explanation that immediately prior to consulting the veterinary officer, his 
dog (described as a great fighter!) had had another encounter, during which 
further wounds, including one in the immediate neighbourhood of the tumour, 
were inflicted, completely explained this misunderstanding. 

394 



THE CONTAGIOUS (VENEHEAL) TUMOVll. 


lyiiifif ill i) single row or otherwise forminj^ broatler tracts of as much 
as a (lozeu cells in thickness. These cells are striking for their 
anaplasia and lack of differentiation. They are oval to rounded in 
shape where loosely jiacked, jiolyhedral wdiere closely crowded, 
and vary in size from ca, 10/x to ()()/x; the majority are medium-sized 
elements of some 14 to 20/ii in diameter. They are characterised by 
an opaque, mauve-jdnk staining (haemuluin-eosin) cytoplasm, which 
on the closest inspection is seen to be very finely granular or vacuo¬ 
lated. Especially in the larger cells, this cytoplasm tends to a more 
acidophilic^ reaction. In others of tliese cells the vacuolation may 
be more marked, conferring a distinct “ hoiU‘y-comb ’* or reticulated 
aiJ]>earancH‘ on the whole or ])ortions of the cytoplasm. There may also 
be larger vacuoles, varying in number fiom one to half-a-dozen, 
and one of these may occupy as much as half the area of the cyto¬ 
plasm. Unexpectedly the fatty nature of these vacuoles could not 
be established by fiozen sections. Typically the nuclei are irre¬ 
gularly spherical or slightly ovoid, but in a minority of 
cells there are marked deiiariures from this shape. In the smaller 
cells they tend to he slightly eccentric, in the larger cells markedly 
so. They are characterised by a sharp, clearly defined nuclear 
membrane (which may often, however, be blurred or thicdcened on 
ac<‘oiinl of submembranul hyper(‘hromatosis, the chromatin being 
jiromiueut as a number of relatively coarse granules which are often 
more closely aggregated at tln^ [leriphery of the nucleus, leaving a 
clear perinucleolar ring). Otherwise the nuclei have a rich but delicate 
chromatin network with just visible nodal points, f There are from 
one to four very prominent (with haenialum-eosin) lirighl pink-mauve 
staining, slighth to markedly eccentric nucleoli. (Of these most 
nuclei have one, two are common, and three or four are seen in a 
minority of cases.) These nucleoli vary much in size but gross 
dcjiartures fiom a regularly spherical or oval shape are not encoun¬ 
tered. The largest seen reached a diameter of over Kia, and the 
n : X ratio in >uch cases may be 1 I A fair iiumbiT of the nudei 
show distortion of shape and in some cases this is a])])arently related 
to the pressure of cAto]dasmic vacuoles, causing the eccentric nucleus 
to assume a boomerang- or ban ana-shape. In multinucleate cells 
modifications of nuclear shape occur in adaptation to mutual pres.sure 
of the nudei. Ilard.N, cells uith exceedingly bizarre and lobated 
nudei are to be found; such nuclei are pyenotii* and the cells 
apjiarently degenerate. Multinucleated cells are fairly common 
but do nol exceed in size the largest of the uninucleated elements. 
There may be considerable disparity, both as regards size and as 
regards anajilastic (es])ecially hyperchromatic) changes, in the several 
nuclei of a hi- or multinucleate cell, Alitoses are freipient— 
(index 5). IJoth tripolar and tetrajiolar divisions were seen. 

There is throughout a moderate to fairly heavy infiltration of 
neutrophiles. These leucocytes may be found within the cytoplasm 
of the larger tumour cells. The stroma is richly vascular, both 
arterioles and venules being seen in considerable numbers in the 
hyalinised trabeculae. The relation to the latter of the tumour cells 
is often strikingly intimate, thin columns of the neoplastic elements 
appearing to be burrowing their way into the substance of the con- 
ueidive tissue. The strict absence of intercellular stroma is con¬ 
firmed by the application of Mallory’s triple stain. 
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The infernal iliac lyini)li-notle is almost complefely replaced by 
neoplastic tissue, only occasional masses of the lymphoid tissue per¬ 
sisting. The detailed moiphology is here much the same as in the 
primaiy, with the tollowiiig exceptions: the stroma is less con¬ 
spicuous, the connective-tissue trabulae being more delicate and 
hyaline changes being absent. Anaplastic changes, far from being 
increased, are it anything less marked : the extreme disparities in cell 
size are larei and the cells do not reach at any time su(*h gigantic 
dimensions. The other affected lymph-nodes show similar changes. 
All show neutrophile infiltration. Where lymphatics are seen they 
aie almost filled with tumour cells mixed with these leucocytes. Tlie 
histological findings in other organs are irrelevant. The adrenal of 
this sul)ject contained multiple accessory nodules of cortical tissue. 

Remurlis ,—Fiom the tliagnostic point of view this case presents 
obvious difticuUies to those relying on the classical (‘OTiceptiou of tlie 
tranhinissible canine tumour as situated on the genitalia and micro¬ 
scopically showing a structure of unitonu small round cells 
At first sight, it is likely that this tumour tissue, with its greatly 
fleveloped vstroma and whose cells piesent markedly hyperchromatic 
nuclei, very prominent nucleoli, great variation in size and bizarre 
nuclear imnis might he mistaken I'm* a hii»hly uiulitVereutiated cai- 
cinoinii. Only a close stud\ of the fine cell-morj)hology enables one 
with confidence to place tins as a I'ontagious tumour. These depar¬ 
tures from the more ty])icnl moiphology of the venereal tumours are 
doubtless to be explained l’\ the fact that growth is laking place in 
a wound Avhi<‘h is attempting to heal: the tumour cells are in facJ 
growing in the scar (issue which is toiniuig as a result ot mganisa- 
tion; the hyalinised nature and great development of the stroma 
cannot to be e^xplaiiied on any otliei* grounds win*!! tlie rapid growth fd‘ 
the tumour (as confirmed both by the hislory and by the mitotic 
count) are taken into <*oiisideratioii. It is possible that this rajiid 
growth has been further ac*<*elerated by the unsuccessful extirpation. 
What is still more interesting is that these anaplastic changes go 
hand in hand with the growth 'in the wound tissue, being less pro¬ 
nounced in the gland metastases, and thus forming an excejrtion to 
the general rule that anaplasia is etjually if not more pi’onoun(*ed in 
seeondaries. Indeed the diagnosis is simple when the l>mph-nod(‘ 
tumours are examined and, on the contrary, by no means easy on the 
basis of the sections of the ])rimary. 

Diagnosis .—Traiisnyssible (venereal) tumour affecting the suh- 
cutis of the hip region, developing as the result of a bite, and with 
metastases to the regional lyinph-iiodes. 

Case 3 {Canine, 1482() and 15993). 

This subject was a male Aberdeen terrier from which, at the 
age of seven months, an oval tumour (14826) was removed from the 
skin of the lateral aspect of the elbow, slightly proximal to the 
summit of the olecranon. This tumour measured 2x1 cm. and was 
raised about 1 cm. above the surrounding skin, presenting an ulcerat¬ 
ing surface. It had no definite capsule, but moved freely with the 
sldn over the underlying structures. It was of firm consistence and 
light colour. Some eleven months later (i.e. when the patient was 
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eighteen mouths old) a nodule (159JW) was removed from the external 
ear. This latter specimen consists of a i)ortion of skin showing a 
small nodule, 7x4x4 mm., situated hencatli the ejiidermis, not 
ulcerating, and without definite enca|)snlation. 

Micj’oscopically, the elbow tumour is seen to be suppoited in the 
cutis vera by strong bands ol den.^e collagenous tissue which at the 
edges of the lesion are continuous with those of the derma. Over a 
narrow circumferential zone it is covered by ejiidejmis. It consists 
of closely packed, polygonal cells whose outlines are ratlier distinct 
and which vary a good deal in size, averaging some cS/x. They have 
rouTidetl to oval nuclei w’hos(‘ <liamcter varies (in section) from 3/t 
(o 7/x. A minority of these nmdei dej)ait from the typical shape 
and may be ki(Im‘y-sbai»ed, indented, l.oomerang-shaped, or 
S-shaj)ed. In general they are characterised by a sharply defined 
nuclear nKuubiane enclosing a delicate cluomatiii network which 
may even apju'oach that of the vesicular nuclear type. Theie are one 
or two moderately ^listimd nucleoli wliicli vary in siz(i, sojiie appear- 
iiig distinctly la?g(» and being often oval cu* even rod-sliaped instead 
ot spiierieal : they tend to be moderately to maikodly eccentric in 
locati(iU, even lying against the nuclear membtane. A fair number 
t)f the nuclei aie hyiierchioniatie, tin's change being (‘venly' distri¬ 
buted or contined to the zone beneath the nuclear membiane, leaving 
a clear ])eriiiucleolat at(*a. The mitotic index is fi. 

There is no iritercellular stroma, hut the tnoie delicate bands of 
I he stioma coinposeil laigely ot <*apillaries givt* rinlimate sui>po! t to 
small grou])s of rell>. A distinctly alveolar pallern is not seen. The 
accessory ejn’tlielial structures of the skin (glands and hair-follicles) 
are suriounded by (he tumour ceils and a])])(‘ar to offer considerable 
re.-,jstance to invasion, having disa|)])eared only in the central ]K)rtif>n 
id' the tumour. Deeply there is no eneapsiilation. Superficially 
there is ulceration thiough the e]nderniis, with a haeniorrhagie and 
|)urulent exudate. 

The ear iKKlule (15J)9‘1) is covered by tlie raised e])ideriiiis and 
is situated in the cutis vent. It does not differ signifieanth' in 
structure from the elbow’ tumour, exce]»t that mitoses are less 
freiiueni and tb(» u .* X ratio on average somewhat smaller. Altliough 
many delicate strands of vascular <*onnective tissue run between 
irregular grou])s and columns of the neo]dastic cells, the Mallory 
triple stain shows an aliseme of intercelinlar fihiils('‘). For the most 
j)ari the overlying e])idermis is unaltered and the infiltration of the 
suj)erficial part of the corium nsuall.v failes out before the basal layer 
is reuxlied ; here and there, however, invasion ot the epidermis can 
be seen to be just commencing in minute areas where the straUtm 
basalc has disa[)])eared or where all the la.vers except the sfraiuv) 
corncuvi have been replaced. In such regions, there are, sii])erficiall.v, 
neutrophile infiltration and small haemorrhages. 

licmarhs, —The elbow tumour originall.v was erroneously diag¬ 
nosed as carcinoma basorcllularc^ a “ veneieal ’’ tumour not being 
ex])ected at this .site. The recurrence of the disease in the ear is 

(•'•) With Mallory^s staininc method one must be careful not to confute 
the distinctly outlined cell borders wotli such structures as fibrils. 
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doubtless to be explained as a fresh infection, for it is most unlikely 
that the result of contact with the first tumour (i.e. an auto¬ 
infection) would take so long to declare itself. 

Diagnosis ,—Transmissible (venereal) tumours affecting the skin 
of the elbow and the external ear. 

Case 4 (Canine^ 15G01). 

The lesion was sent in by Dr. G. Kind, of Johannesburg, as a 
tumour from a male Maltese poodle, 8 years of age. It had been 
removed from the upper lip and nostril. Macroscopically it is an 
oval tumour, 2*5 x 1*5 x 2 cm., at its base partially covered by skin, 
elsewhere presenting an ulcerating surface. It is, although not encap¬ 
sulated, rather circumscribed, on section yellowish-white, and fairly 
soft in consistence. 

Microscopically this tumour is seen to occupy the subcutis and 
consists of delicate connective-tissue trabeculae separating masses of 
rather loosely aggregated cells having a faintly-staining cytojdasm 
and of oval or jiolygonal outline; the cytoplasm may, in neutrophile- 
infiltrated areas (‘ontain a few small fatty vatmoles; the nuclei are 
large, spherical to slightly oval, and have distinct nuclear mem¬ 
branes. The chromatin is arranged in fine division to give a slightly 
vesicular appearance to the nucleus; but this is often modified by 
hyperchromatosis, when the chromatin granules become (‘oarse and 
irregularly scattered. There are one, two, or ihree prominent 
nucleoli and in many ceils there is a pronounced increase of the n : N 
ratio (from ca. 1 ! 50 to ra, 1 : 3). Oc(.*asiouall>. extremely large 
nucleoli are encountered, usually associated with changes in their 
shape (e.g. oval) and with nuclear enlargement. Sometimes large, 
binucdeate tuinonr cells octmr, and there are fairly frequent nuclear 
degenerations, producing pictures of the old “ cancer jiarasites In 
parts, the tumour cells have a fairly distinct tendency to be arranged 
in linear row's betw'een strands of proliferating connective tissue. 
The stroma is usually rich in funall blood-vessels but in parts 
it is extensively hyalinised. Superficially there is an ulcerating 
surface composed of necrotic neutrophilic exudate overlying a zone 
of granulation tissue. The mitotic index is 7. 

The neoplastic ])arenchyma shows, almost throughoiil, a diffuse 
infiltration of eosinophiles and also small lymphocytes, and in many 
places these infiltrating elements (associated W'itli a few iieuirophiles) 
are aggregated to form snfall purulent foci which may or may not 
be encapsulated by connective tissue. In the centres of siudi foci are 
typical ray-fungus colonies with prominent eosinophilic (dubs 
arranged in astral formation. 

Remarks ,—The cytology and achitecture are typical of the con¬ 
tagious tumour of dogs. The interest of the case lies, firstly, in the 
situation at a point remote from the genitalia but favourable to the 
occurrence of accidental infection during the nuzzling of affected 
genital organs or through being bitten; and secondly in a coincident 
infection of the tumour tissue with actinomycosis. This disease, 
per SBf is rare in dogs. Doubtless the ulcerating tumour surface 
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provided an extremely favourable i)ortal of entry for the or^^anisms 
(e.g. from the grass, etc.) The animal made an uninterrupted 
recovery and there has been no recurrence of either infection. 

Diagnosh. —Transmissible (venereal) tumour of the lip, which 
has become secondarily infected with actinomycosis. 


Sfnmnary of ilie Observations on the Coniagiovs Tvmonrs of 

the Dog. 

The first case to be described rej)rcsented a typical one both in 
resj)ect of situation on the external genitalia and of the histo- 
jiathology, especially the cytology. The descriptions of the other 
typical cases are therefore not jiublished here. Trom a considera¬ 
tion of these <*ases we have seen that some typical characteristics of 
these tumours, w'hich will be referred to again later, are: the 
limited local invasive ]Knvers, even thougli a dt^finite encapsulation 
is not jireseiit: the tendency to an alveolar an angement of the cells, 
differing however from what is usually found in carcinoma by the 
extreme detica<‘y of the stroma; the nature of the tumour cells -a 
moderate degree of iiniforjuity but with vsome noteworthy variations 
in cell and nuclear size. The (jells are i»oIyhedral in outline where 
closely ])acked, or rounded to slightly oval where more loosely 
aggregated. The cyto])lasm is distinctly outlined and often contains 
small or sometimes tMinsiderahly larger fatt\ va(*uole>. The nucleus 
is more allied to an epithelial cell nucleus than to the nucleus of 
any mescmchymal derivative . One’s im|)ression is that the cells 
show no di.>linct morphcdogical siinilarit.v to any element of the 
lymphocytic lineage. The disvsimilaritv from known lymidiosar- 
comas is further seen iii the ahsetic*^ of an inter(*ellular 
fibrillar stroma (in my opinion a fatal objection to the idea of 
lymphocytic nature of the cells), the absence of an asso(‘iation wdtb 
••ells of the reticulum ty])e, and the abseuc(» ot any indication of the 
gradation (such as one expects to see iii mammalian lymphoid 
tumours) between fixed elements ami the various-sized free elements 
of the lymphocytic scries. On the other hand the tumour is not 
identical with any form of epithelial iieoplasni that one is familiar 
with cTnd although it has been said that, in arraugeineut and morplto- 
logy, the cells resemble epithelial more than mesenchymal derivatives, 
in neither of these res])ects are they typical of ejiithelial elements. 
One feeds it to be a priori a likelihood that these tumours are neither 
carcinomas nor lymphosarcomas, but some other kind of tumour whi(di 
has not yet come into consideration so far as an affinity to the con¬ 
tagious tumours of dogs is concerned. These ])oiiits will be con¬ 
sidered again after dealing with the heart-base tumours. 

2. Tumouus of the Bask of the Heaut in the Dog. 

Hcrzhasisgeschwulsie have been described in the dog especiall 3 " 
by Barth (1920), who has reviewed the literature. Tumours of this 
region are also known in other species (horse, ox, sbeej), and fowl). 
A variety of different neoplasms are concerned and these are of no 
particular interest to us here. L,ym])bo.sarcomata of the heart are 
mentioned by Magnusson (191 Gb) in his extensive review of heart 
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tumours of domesticated animals. A perusal of tlie description of 
the cases he quotes, as well as those in his own, leaves no doubt that 
these ivere genuine lymphosarcomas, intercellular reticulum being 
present in every case. When affecting the heart-base they were 
considered to arise from the neighbouring (bronchial) lymph-nodes. 
It does not appear that in any case the tumour had the histology of 
the three heart-base tumours which are in the Understejioort 
collection. In examining these 1 was impressed by a quite extra¬ 
ordinary resemblance of the neoplastic tissue to the contagious 
(venereal) tumours of the dog. Indeed, it is not possible to make a 
distinction between the two tumour tissues under the microscope. 
Regarding the possibility of whether similar tumours have been 
encountered by previous investigators, the cases of Magnusson have 
already been dismissed. Of two tumours which merit more serious 
consideration in respect of a jjossible identity with the South African 
cases, one is that described by Joest (191^): this neoplasm was diag¬ 
nosed as of thymic origin adenoma ’’) although it was not situated 
in the cranial mediastinum (but in the cardiac mediavStium, dorsal to 
the heart) and Hassall’s corpuMiles were not present. It is jiossible 
therefore that this tumour was not a thynoma (the author was by 
no means certain of his opinion), but whether it was at all similar to 
those we have encountei*ed is difficult to say. The histological descrip¬ 
tion does not indeed give any clear indication that this was the case. 
The second was reported by Wetzel (1902) and ma(‘roscopicaIly 
appears to have been very similar to our cases. An intercellular 
stroma was demonstrated, however, and the diagnosis arrived at was 
mixed-cell ’’ sarcoma. Unfortunately no photomicrographs are 
published in this report, and one cannot therefore be certain of the 
correctness of the diagnosis. 

The material that I have investigated consists of two tumours 
situated at the heart-base of dogs, and a third which was submitted 
as having been removed from within the thorax at autopsy; the 
exact location was not stated, but its morphological identity with 
the other two tumours, as well as other coinnion pathological features, 
allows one to assume with reasonable certainty that it was similarly 
located. 

Case 1 (Canine, 7808). 

This dog was an Alsatian wolf-hound which was also the subject 
of the embryonal ej)ulis (a mixed tumour of the lower gum with 
pulmonary inetastases) which was described in Chajder X. The 
tumour w'hich concerns us here was an unrelated (primary) neoplasm 
affecting the heart-base (Fig. 184). Attached to the base of the 
heart, ^ immediately caudal to the aorta and pulmonary artery and 
overlying the right atrium (on which it causes a marked concavity 
and which it compresses), is an irregularly spherical mass measuring 
4*5 cm. (cranio-caudally) x 4 cm. (from side to side) x 3 cm. (dorso- 
ventrally). It has a thin capsular investment under which the surface 
presents rounded bulgings up to 1’5 cm. in diameter. The pulmonary 
artery is accommodated in a groove on the cranial aspect of the 
tumour, which closely surrounds the caudal and lateral aspects of the 
wall of this vessel. On section of the tumour, delicate strands of 
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connective tissue can be seen to penetrate inwards from the capsule 
into the greyish (preserved!) parenchyma, large areas of which have 
a lighter and somewhat opaque aiqjearance (necrosis?). 

Microscopically the tiunour is seen to be covered by the epi- 
cardium, and beneath the serosal cells Ihere is a thin encapsulation 
by c^)lIagenous connective tissue. This tissue, however, shows 
invasion at many points. There is a rich system of delicate and 
highly vascular connective-tissue trabeculae separating islands and 
strands of the parenchyma, which is everywhere sharply distinct from 
the stroma (Fig. 18(1). Penetration of the iieoi)lastic tissue into 



Fio. 184.—A jiriinary siibepioanlial tnmour ol the heart-base of the dog. (7808; 1/2 X) 

venules (which are very abundant in the stroma) can be seen, as 
well as tiiinoiir cells within the blood-stream. The neoplastic cells 
are clearly outlined and (usually) slightly polygonal elements which 
are usually closely in contact with their neighbours and between 
which no fibrillar stroma is iire.sent (Figs. 186, 187). They have a 
moderately large amount of cytoplasm, of which from one-half to 
one-fbird is occupied by the nucleus. The cytoplasm is fairly charac¬ 
teristic, having a distinctly but finely granular structure, and stains 
quite intensely with haemalum-eosin (a deep reddish mauve); on 
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account of the presence of these granulations it has a dense opaque 
appearance (not unlike that of a liver cell). The cells vary greatly 
in size from Jl/x to ra, TO/x if the extremes are considered; but the 
great majority of them have a diameter ranging between 15 and 20//. 
The large (“ giant '*) tumour cells are scattered in a haphazard 
manner (Fig. 186) among the smaller elements or sometimes a group 
of several in fairly close proximity occurs (Fig. 187). Biiiucleate 
cells occur infrequently. The nuclei are most often centrally 
situated and conform in size to that of the cell, but occasionallj- a 



Fig. 185.—Another oxamplo of the primary heart-base tumour of the dog; note identiea] 
situation postc^rior to the root of the aorta and pulmonary art«‘ry. 

(1584$; nat. size). 

cell may show a tendency to a slif^htly elongated or columnar form, 
with the nucleus situated at one pole. The majority of nuclei are 
spherical to slightly ovoid, hut many exceptions occur—pyriform, 
elongate-oval, bean-shaped, and occasionally very irregularly shaped 
nuclei are seen; the latter are usually associated with the very large 
cells. The more typical nuclei are moderately chromatic, showing a 
distinct meshwork or granular chromatin-content contrasting with 
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the clear nucleoplasm; actually, the majority of the nuclei depart 
from this arrangement on account of varying degrees of hyper- 
chromatosis: many nuclei are heavily chromatic, containing many 
large and coarse granules, this being especially the case with the 
giant nuclei. In diameter the nuclei vary from some 8/x to over 
60 /i in the giant (;ells, the average size being c/i, 10 to 12/ji. The 
nucleoli are usually single and central, and they are distinct and 
acidophile. In most cells a n I N ratio of m. 1 1 20 was recorded. 



Pia. 180.—Structure of the heart-base tumour shown in fig. 184 : Note identical atrueturo 
to the well-known contagious venereal tumours of the dog: indifferent ‘‘round 
cells ’’ groupi'd into alveolar units by delicate stromal strands ; absence of inter- 
cel Jular stroma. (7808 ; 240 X). 


but ratios of 1 : 10 are commonly seen and in the giant nuclei the 
nucleoli are proportionately enlarged (Fig. 187 below). Secondary 
changes occurring in the tumour tissue include extensive areas of 
total necrosis; in other ])arts only those tumour cells nearest the 
blood-vessels survive, producing a (spurious) peritheliomatous 
appearance. In other regions haemorrhages are frequent, as well as 
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fresh blood-cells in direct contact with the tumour cells and possibly 
still in circulation, apparently occupying ill-defined channels between 
the neoplastic elements. 

Remarhs ,—The independence of this heart-base tumour from 
the other primary tumour (of the gum) in this subject is shown by 
a total dissimilarity in the morjjhology, by the fact that the pul¬ 
monary metastases of that tumour (which would presumably be 
earlier established than metastases elsewhere) are small in size, and 
by oiu* fajiiiliarity with ihe heart-base region as a site of primary 
neoplasms in the dog. The impiession one gains of this tumour is 
that it is of ejiithelial rather than sarcomatous nature; and in view 



Fio. 187. --Higher magnification of ihe heart-base tumour bIiowii in figs. 184 and 18(J: An 
anaplastic field has been selected to show thc^ range of variation in cell siKO. 
(7808; 310 X). 

of the difficulty of explaining a primary epithelial tumour in this 
region, a close investigation was made of the possibility that the 
tumour might be secondary (although not secondary to the gum 
tumour). It is true that there exists no detailed autopsy proctocol, 
but the autopsy was performed by a specialist in pathology and we 
can be reasonably certain that no other primary tumour was missed. 
However, in order still further to exclude the possibly secondary 
nature of the neo))lasm, i.e. that it might have developed in one of 
the bronchial lymph-nodes, the latter were all identified in the 
specimen and found to be intact, including the lymplwglandnla 
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hifvrcaiiotnH .situstm, which is t*he nearest to the root of the 
monary artery. The further investigations which were undertaken 
in an atteiii])t to decide the nature of Ihis iuniour will he mentioned 
when the other cases have been considered. 

J^rovisional primary hearl-hase tumour having a 

jnorj)hologi<*a] similarity to tlie <*ontagious (venereal) tumours of the 
dog. 

fW 2 (Canine, 15848). 

hor this sjiecinien 1 am indebted to the Officer in Charge of the 
Allerton Laboratorv wdio informed me that it was taken, at autopsy, 
from an aged Seiilyham dog sufi'ering from ascites . . . and a 
jieculiar lesion at the base of the heart The heart (Fig. 185) bears 
a large, irregularly oval, ffatteiUMi tumour lyingoii and firmly attached 
to ils base, and measuring 7x4x;rr) cm. The lieart and tumour 
together weigh 195 gm. The tumour lies between the termination 
of the vrnan earar on the right and the aorta on the loft, and causes 
a considerable modification in the sha])e and extent of the left 
atrium; the auricle is coinjiresvsed between the tumour above and tlie 
ventricle l)elow', and it tip just reaches to the caudal border of i1m 
heart, being 2 cin, posterior and to the right of the comnnuicement 
of the left longitudinal groove. The surface is lough and irregular 
and not cmlostMl by a distinct capsule. (.)n section the tumour is 
found intimatidy to envelo]) the ])ulmonary artery, although it iloes 
not invade it (the arterx actually passes througii the cranial portion 
of the neo|dastic ina>s). It also closely surrounds, on all sides excc]»t 
the left, the aortic arch, which occu])ie.s a dee]) tos>a in the tumour 
tissue. The colour of the (preserved) tissue is a light ellowish-grey 
xvith many darker grey fields, as if necrotic. Om* can iletoct oc(‘asional 
thin trabeculae of c<muective tissue eucloslng a softer ])areuchyina. 
The consistence is glaml-like. Included in the specimen is also a 
smaller piece (8*5 k -l x 1*75 cm.) of similar tissue which (on cn(|iiiry) 
was reported to liave been a somewhat detached jmriion of the main 
tumour. The lungs are iuiperfecfly colla]»sed and a]>pear as if they 
had been oedemat(uis ju ior to fixation. The cardiac lobe of fbe right 
lung has a solitary, subideural, circumscribed, non-encapsulated, 
w’hitisb focus, s]dieri(*al in shape and measuiing 3 cm. in diameter; 
it is slightl\ raise<l above (he lung surface and deejily it extends 
into the ]mlmonary jiarenchyma. The lironchial lyiujih-nodes w^ere 
all identified and found to he unaltered except for an anthracotic 
])igmentation. A ]»orlion of the post-cardiac oesophagus is included 
and shows a ]>ronounced thickening of the wall (I cm.). The liver 
is greatly enlarged and is modified in shajie by multiple swellings 
l»rodncing a very bo<sellated surface; these areas, measuring 
several centimetres in diameter, appear to be ])roduced by aggrega¬ 
tions of poorly-defined, light-coloured foci varying from 0*5 to 4 m.m. 
in diameter, whose consistence is soft and friable. The rest of the 
hejmtic tissue is darker in colour and show's numerous (reddish black) 
areas of haemorrhage. There are also a few scattered, encajisulated, 
rounded foci, 2 to 5 cm. in diameter and containing a (coagulated) 
jelly-like substance. The kidneys present the tyjiical appearance 
of the common chronic nephritis in the dog (uneven surface, increased 
consistence, pale colour, small cysts in the cortex and in the medulla). 
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Microscopically: the heart-base tumour is seen to be partially 
enclosed in a thin collag:enous capsule, but in other parts the surface 
is free. Thin branching trabeculae proceed inwards, incom¬ 
pletely demarcating the parenchyma into lobules or alveoli, which in 
any given part are often fairly uniform in size. From these i^rimary 
trabeculae proceeds a rich system of secondary septa carrying capillary 
blood-vessels and demarcating the parenchyma of eacb lobule into 
small, solid, rounded alveoli or solid cylindrical branching cords. 
The neoplastic cells (Figs. 6 and 7) present the following appear¬ 
ance : — 


They are rather large (average diameter some 15/i), closel 5 ^- 
packed elements, having a dense cytoplasm which stains a deep 
mauve with haemalum-eosin and show’s a finely granular or (doudy 
structure. The nuclei tyincally are spherical and centrally jdaeed, 
but there are pronounced variations in nuclear size and shape, espe¬ 
cially in certain fields: large oval nuclei are common, more than 
twice the size of the others. There also oc(‘ur nucdei w’hich are 
spindle-shaped, lobated, cuboidal, kidney-shai)ed, or angular. Bi- 
and trinucleated cells occur. The largest nuclei measured as much 
ais 35/i in long diameter, the smallest 4‘2ju to Ifx, and the average 
diameter was about ll/i. The more typical nuclei have a prominent 
and somewhat wide-meshed chromatin network which appears as if 
(composed of branching chains of fine granules. Between these 
meshes the unstained nucleoplasm ap|)ears almost as vacuolations. 
A large proportion of the cells have hyperchronuiti(‘ nuclei with 
richly and uniformly distributed coarser granules producing a 
trachychromatic appearance; or the granules may show varying 
degrees of predilection for the peripheral zone of the inudeiis, in 
which case the nuclear membrane appears of exaggeiated density; 
or when a Avider peripheral zone is affected the nucleus may appear 
dark Avith a light, clear, central perinucleolar aiea. The smaller 
nuclei usually show a single, fairly eccentric*, and rather ])rominent 
nucleolus having a diameter of fiopi 1*4 to 2 1/i and staining the 
characteristic, opaque violet-brown with haemahun-eosin. Many 
nucleoli are quite clearlv enlarged and may even reach a diameter 
of 11-2/x (e.g. in a nucleus measuring 18*3/i in diameter), so that 
n : N ratios of as much as 1 I 2*9 were recorded. These very large 
nucleoli often have an altered appearance; while frequently pre- 
serA’ing more oi* less a roughly spherical shape, they tend to be 
slightly angular or polyhedral in outline, while some tend to be 
oblong. They are bounded* by a sharp and distinct bordei* which 
apparently results from the croAvding back of the juxtanurleolar 
basichromatin. They staiu much more lightly than the smaller 
nucleoli, being a faint pink with haemalum-eosin (Figs. 7 and 9). 
In the ordinary Avay, they would be taken for the class of bodies 
referred to as intranuclear inclusions and only a careful study 
demonstrates their nucleolar nature: this demonstration comprises 
the finding of intermediate grades between them and the typical 
nucleoli, both in respect of size and staining qualities. Many of the 
smaller nucleoli show a peculiar vacuolated appearance (cf. the 
appearance of a typical Negri body), and these vacuoles coalesce to 
produce a central rarefaction resulting in a ring-shaped nucleolus 
with a central retractile vacuole (Pig. 6). This vacuolation is 
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obviously the first stage in the process which culminates in the 
formation ot giant nucleoli with loss of staining affinity. One must 
not he misled into judging these Ivodies to be not of nucleolar origin, 
merely becauvse they may be found in a nucleus together with a 
normal nucleolus -in this (*ase the nucleus has multiple nucleoli and 
it is not uncomnion to find the following arrangements of bodies within 
the nucleus: 1 “ inclusion plus 3 nucleoli, 1 “ inclusion '' plus 1 
nucleolus, 2 ‘‘ incitisions ’’ ])lus 2 nucleoli. It will thus be observed 
that there is the tendency to maintain an even number of altered 
plus unaltered nucleoli; in fact an odd number uas not encountered, 
except in the case of nuclei with a single ‘‘ inclusion ’’ or a single 
nucleolus respectively. 

In j)arts there are sjiiall, fresh haemorrhages with well ])re- 
served blood-cells lying iu irregular Muall channels bounded by the 
tumonr cells. In jilaces the stroma shows considerable haeinato- 
genous pigmentation (haemosideiin). ^Necrosis has overtaken much 
of the tumour tissue and sucJi necrotic areas may be Imrdered by 
necrobiotic neo])lastic alveoli in which the cells have darkly-staining, 
opaque, homogeneous cyto]dasm and jjycnotic nuclei. i;s])OciaHy 
near such areas, cytoplasmic “ inclusions ’’ may be seen in dege¬ 
nerating cells: these have a “bird's-eye" appearance and 
apj)areritly repiesent degenerate nuclei (extreme marginal byper- 
(•hromatisin ot the nmdeiis, \\ith central (diiomatolysis). These 
cellular inclusi()ns should not be confused witli tlie nuclear inclu¬ 
sions mentioncMl previously. The mitotic indexes 4. 

The lung contains a <(ditar\, non-enca]>snlate<l metastatic 
nodule of similar tumour tissue, in the (^ells of which the intranuclear 
" inclusions " arc* w<*ll developed (Fig. 9). It is limited superfi¬ 
cially by the |)leura. The pulmonary blood-vessels contain large 
minibeT> <»t fat-glol)ules. Sc»ctions of tlie oesjihagus show that the 
thickening of the wall affects all the layers from the propria nnteonac 
outwards: iu the latter, the connective tissue is dense and thickened 
and ihe submucosal glands form a thicker layer than normal: the 
(*hief (hange, however, affects ihe mu^cularis, wliich is increased to 
about five tiim‘s its normal thickness, both the circular and longi- 
ludinal layers lieing affected. The liver is affected by a pronounced 
blood-stasis, the caiiillaries lieiug distended and the liver-cells greatly 
coin]>ressed and often uholly atrophic. There are extensive areas of 
complete disaj)pearam*e of liver-cells and rejdacement by lagoons of 
blood. The remaining liver parenchyma is affeeded by fatty changes. 
The kidney shows the lesions of a chronic interstitial nephritis. 

Tiemarha.- -In this case also the primary nature of the heart- 
l»ase tumour is supported hy the identification of the unaltered bron¬ 
chial lyni])h-no(les and by the much smaller size of its pulmonary 
metastasis. This tumour is in essentials identical with that described 
in Case 1, and in gross ajipearance and location this growth is 
especially similar to that s])ecimen. It is probable that the hepatic 
enlargement, due to congestion causing atrophy and haemorrhage, 
is to be referred to the pressure of tbe neo])lasm on the terminatioi^ 
oi the caudal vena cava. The oesophageal hypertrophy is more 
difficult to explain: it cannot be directly referred to a stenosis 
caused by the ])ressure of the tumour, because the tube was affected 
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by hypertrophy caudal to the position at which the tumour would 
have come into relatioDship with it. It may be explained as the 
result of pressuie by the enormously enlarged liver at the oesopha¬ 
geal notch, but this could not be confirmed in the absence of the 
gastric curdia from the specimen; on the other hand it is possible 
that the hypertrophy hud no relationship, either immediate or 
remote, to Ihe ])resencp of the neoplasm. 

Diagnoais ,—Primary tumour of the heart-base resembling his¬ 
tologically the contagious (venereal) tumours of the dog, with 
metastasis to the lung. (Siasis-atrophy and haemorrhages in the 
liver and ascites, secondary to the congestion claused in the systemic 
venous system by the presence of the neoplasm; hypertrophy of the 
oesophagus; lipaemia and chronic nephritis.) 


Vase {Vanine, 11331). 

There is no autopsy record of this case, of the subject of which 
no particulars are available. Tlie specimen consists of an egg-si/ed 
tumour removed from the thorax and of the liver of a dog. 

Microsco])ically, the tumour consists of a moderately developed 
connective-tissue stroma demarcating lobules of parenchyma which 
are further inc'ompleiely sepaiated into nests or strands by secondary, 
delicate, and vascular collagenous strands. The tumour cells are not 
separated by iiiter(*ellular stroma and are morphologically identical 
with those described in the previous two cases and with the cells of the 
“ venereal ” tumours of dogs. They are closely packed and poly¬ 
hedral. Their nuclei vary considerably in si;5e, the smallest being 
of the size of the nucleus of a small lym])hocyte, the largest three 
or four times this size. They aie rounded to slightly ovoid in shape, 
occasionally irregular or ymlyhedral. Most show one distinct 
nucleolus, a fe^v two. Usually the ^uicleolus is placed eccentrically, 
sometimes markedly so. i.e. in contact with the nuclear membrane. 
An increase in n : N ratio is apparent in many. Uyjauchromatosis 
of the nuclei is common, the membrane appearing thickened and the 
chromatin network replaced by heavy granules wliich may be 
arranged in chimps adhering to the nuclear membrane. A striking 
feature is the hollowiiig-out of the strands of neoplastic <‘ells by 
blood-containing chnnnels, whicJi vary in diameter so that between 
the lumen on the one hand* and the stromal trabeculae on the other 
fiom four layers to one layer of cells may intervene. There is no 
tendency for these cells bordering blood-channels to be flattened and 
this process is hot to be interpreted (as was done at the routine 
examinati(m) as a tendency to blood-vessel formation (i.e. endothe¬ 
lioma) : it is merely the direct bordering of blood-spaces by tumour 
cells such as is commonly seen in certain sarcomata, a condition 
which is highly favourable to haeiiiatogenous metastasis. In addi¬ 
tion, the venules of the stroma can be seen to contain free tumour 
cells floating in the blood. The mitotic index is 3. 

The liver is affected by severe hyperaemia apd atrophy of the 
parenchyma (stasis- or cyanotic atropny). 
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liemarks. —From the facts that this tumour is identical in nior« 
pholoffy with the two heart-base tumours of the doj 4 * previously 
described, that we know^ it was iiitrathorncic, and that the liver 
showed (banjoes tJie result of interference with the heart or with the 
emptying- of the systemic venous system, one may conclude ahnost 
with certainty tliat this was also a heart-base tumour. 

Didf/nosls, —A tumour bavin*:*' the mor])holo*fy of the heart-base 
tumours and the c.ontaf*‘ious venejeal tumours of the do/:** and probably 
situated at the base ol the heart. 

Discussion of thk Nvi'chk and l*ATnoL(K;y of the llEAirr-jiASE 

TuMOT AtS AND THE] 11 11 iCLA'I ION TO I IlF CoNTAC lOU.S (YeNKREAL) 

Xeoclasms. 

It one wished to demonstrate to a histi)]>atholonist the structural 
similiarity of the described heart-base tumours to the venereal 
tumours, one would not liave to ialiour one’s case, but would rather 
challenge him to tell them a])art under the miiToscojie. The mr»st 
strikin* 4 * of the common teatures are: the delicacy and vascularity of 
the stroma, especially the secondary trabeculae, demarcatinff solid 
nests nr strands of (*ells whicdi are usually closely packed and jioly- 
***omil in slia[)e, whose cytoplasm stains identically with haemalum- 
eosin and has a somewhat opacpie appearance due to fine prainila- 
tions; the character of the oval or rounded nucleus, its depfree 
(diromatism and dis]»ersal of the chromatin, the usually sinpde or 
dou]»le nucleolus which is prominent and vmy variable in location, 
the constant presence of iiucleidar enlarpenient, often to a very hi*rh 
depree, in some of the cells; the tendency to necrosis and haemor¬ 
rhage: tile foimatioii of blood-channels diiectly lined by the tumour 
cells. In addition there is the limited local itivasiveness, i.e. a 
tendency often to encapsulatifin but with invasion of the capsule 
and als{) of the blood-vessels. Kven the prowlli-rate, as measured by 
the mitotic count, is not dissimilar-| averapc of 11 cases of con¬ 
tagious tumours ()•(), or of 10 cases (discardinp one atyincal case 
with an index ot lo) o-S; average ot heart-base tumours -;i|. 
Possible distinctions which were cousiderecl were a vsliphtly preater 
rcpularity ot the stroma in the case of the heart-base tumours and 
the absence *of vacuolation of their cell cyto])lasm. Put the coiitapious 
neo[)lasms vary widely in these res])ects and such very minor con¬ 
siderations could not be used as a basis of differentiation. I bad 
])reviously been of o])inion that tlie coiitapious tumoins of dops should 
not be considered as lynpdiosarcomas, for the reasons that have 
already been outlined and had considered that they were more closely 
related to a card noma mcdullare in structure (alveolai* arraiipemetit, 
clear se])aratiou of cells and stroma, lack of intercellular stroma, and 
a mor[)liolopy of the cells not incomiwtible w’ith the view that they 
are hiphly undifferentiated epithelial elements). When heart-base 
tumours, arisinp spontaneously, were encountered havinp an identical 
structure, the difficulty arose (if these w^ere to be diapnosed as 
carcinomn medullare) of explaininp the oripin of a jirimary carcinoma 
of the heart (for the occurrence of three such tumours—in two of 
which an autopsy examination had been made and further the 
bronchial lymph-nodes excluded as the source of the neoidasms in 
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the heart region—makes it beyond doubt that we have here to deal 
with primary tumours). Kitt {Bd, III, S. 92) says quite definitely: 
“ Epithelialer Krebs kann sirh nieht als primiue Neubildurig am 
Herzer eutwickeln, da hier kein epithelialer Mtitterboden vorhanden 
ist; ’’ this is also the teaching of most pathological texts which 
mention the matter, the diagnosis of “ primary can inoina of the 
heart (which has occasionally been made in the literature) being 
considered unacceptable. It was the very hopelessness of this dilemma 
—the encountering of primary tumours which were believed to consist 
of some sort of cells related to epithelium—which led me to examine 
serial sections of canine embryo hearts in the ho])e that some clue to 
an unsuspected Miitterhoden for these tumours might be encoun¬ 
tered. In view of the location of the heart-base tumours studied 
[which according to the regional classific^ation of heart tumours 
would be classed as subepicardial extrapeiicardial tumours(M 1 
behind and between the roots of the aorta and i)uluionary artery, 
attention was com^entrated in this examination on the region in 
question. It was found that in (e.g. 90 m.iu. (*rown-rump length) 
canine foetuses there are constantly present in the mesenchyme in 
the caudal ajigle between these two vessels, and partly insinuated 
between them, well-defined groups of cells of epithelial ai)pearance, 
which are enclosed by and well-<lemarcated from the surrounding 
mesenchyme in the form of small solid alveoli. These tells show a 
(juite striking similarity to the cells of the heart-base tumours (and to 
those of the contagious tumours, therefore), having the same deejdy- 
staining granular cytoplasm and <‘ompletely latddng in inter(*ellular 
fibrils, A tumour arising from such cells w’^onld inevitably assiime 
the exact position and topographical relaiionslii]»s of' these heart-base 
tumours: in fact, as lias been indicated, the position where it might 
be exjiected to find a matrix from w^hich such tumours could develop 
was ])reviously jiredicted as being at this point. There is little doubt 
that these epithelioid cells of the subepicardial mesenchyme must 
have been the source of the heart-base tumours, altliough exact proof 
has admittedly still to be obtained. Kegarding the nature of this 
matrix, one knows from, the work of» Wollard (1926)—in dogs as well 
as in other species—that these cells are neuroblasts (sympathogonias 
or early sympathoblasts) whii^h constitute the jirimordia of the sym¬ 
pathetic ganglia in this region. It is of course well known that apolar 
neuroblasts (i.e. before they difierentiate to the extent of producing 
neiirofibrils) are cells of very indifferent apjiearaiice which could 
scarcely be identified on the basis of the morphological cytology alone. 
Bielchowsky (1932) speak.^ of their “ lymjihoeyte-like character ”, 
and Kuutz (1920) indicates that they “ may be recognised among the 
mesenchymal cells by the slightly larger size and more intense stain¬ 
ing reaction of their nuclei ”. In olher words, it is evident that on 
grounds of cytological morphology alone there is little that is charac¬ 
teristic about these very undifferentiated elements. In my opinion, 


(^) By this is indicated that the tumours, developing beneath tlie epi- 
carditim (in this case that portion of the epicardium which covers the roots 
of the great vessels just before it leaves them to be refiected as the “ parietal 
layer of the pericardium) invaginate the latter into the pericardial cavity, 
hut remain extrapericardial in position, in just the same way as the lungs or 
abdominal organs are extrapleural or extraperitoneal in: situation. 
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tlie likelihood that the heart-base tiiinoiirs described are actually 
neuroblastomas or, in more exact terminolo^’y, sympatho^?oniomas 
has to be seriously considered. The final proof of this falls without 
the scope of this work and will necessitate considerable research as 
well as probably tiie awaiting*' of opportunities to examine still 
further cases of the tumours in question. 

Should this theory be definitely established, it will carry with it 
the corollary, wliich may at first ^^lance appear surprising?, that the 
contagious venereal tumour is also a neuroblastoma and not a lympho¬ 
sarcoma. Hut a little refieciion will show’ tlmt tliis is not so extra¬ 
ordinary. Firstly, the histological identification of the (*ontagious 
tumours has always been unsatisfactory, in spite of the closest study 
over a iieriod of very many years. It is a priori not improbable, there¬ 
fore, that actually a tumour of a somewhat unfamiliar nature is con- 
<erned. Secondly, authorities have been at variance regarding the 
(round-cell) sarcomatous or ejiithelial nature of the tumour; morpho¬ 
logically the neiirohlast fits in very well liere between these two 
])Ossihilities: its e(‘todei*mal derivation (‘*)nfers upon it epithelial 
(haracteristics and at an early stage its actual form is that of an 
indifferent “ juund cell’’; hut it will differ from a ineseuchyinaJ 
“ round cell ” or lympluH'yte by in>l being associated with inter- 
<ellular stroma, wbi(*h is foreign to the oiientation of cells j)re- 
serviiig epithelial liahitus. Thirdly, iii view of the (*ase with which 
Jieurohlasts may he (ultured and transi)laiited, the existence of a 
<*outagi<ms neoi)lasin composed of such cells is not particularly 
surprising. liastly, it is illuminating to redd how, in human 
]>athology, a number of tumours, for deca<les considered to be 
round-<‘elled sarcomas, have now been found to represent, most 
j)robably, neuroblastomas. This reform is due to the work of Kretz 
(11M12): and especially of Wright (1910), who concluded that a number 
of so-called ‘‘ round-celled sarcomas ” affecting many different parts 
of the body are of neuroblastic origin and actually consist of pro¬ 
liferations of sympathetic formative cells. According to Ewing, 
his conclusions have been fully justified. It need not then surprise 
us if any tumour enjoying the doubtful name of round celled ” 
sarcoma or consitleied as a sarcoma of indifferent cells, which, like 
those of the contagious c:,auiue tumours, canuot be sat isf act eerily 
identified by comju'tent ])athologists after years of study, should 
l)rove to ])e ol ueuroblaslic* origin. ()u the other hand, the work of 
Wright has acfualh made this a susjn’ciou which may well he aroused 
ill all cases of suc h obscure tumemrs. 

If the contagious tumours should prove to he ueuroblastoiuas, it 
would then a])pear exceedingly likely that the hypothetical first 
“ spontaneous case, whicli was mentioned at the outset of 
this chapter, ^\as a heart-base tumour such as those we have 
described. 1 say this be<*ause similar tumours have not been 
encountered elsewliere in the dog. Hy wliat means sucdi a heart- 
base tumour might have been transmitted by contac*! to the (hypo¬ 
thetical) canine which bore the “ first generation ” of tlie c ontagious 
tumour we need not here speculate. Suffice it to say that, as 
I indicated previously, this transmission need have occurred only on 
a single occasion in the history of the canine race; and if there is 
any difficulty in imagining how a heart-base tumour itself could 
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have been the source of infection it may be remembered that such 
tumours j)roduce haematogeuous meiastases, so that a secondary in 
the skin or other superficial and accessible portion of the body is 
quite a possibility. Even if we were sure of our imthological facts 
this would he sheer speculation, however. All that 1 have here been 
concerned with is to shotv that the train of events suggested is w^ell 
within the boumls (»f possibility and that, indeed, the w'hole problem 
of the contagious new grow’ths of dogs in one which, by its very 
2 >eculiarities, seems to demand for its exidanation a set of circum¬ 
stances which may, being themselves somewhat iini( 2 ue, harmonise 
'with the iiiiiijiie results which have follow’ed their ojieration and which 
have been such a puzzle in pathology. Such a “ working hypothesis ” 
opens the possibility of an investigational attack u])on new' lines. 
Should such investigation disprove this tentative hyjiothesis, we need 
not be disa])poin<ed: we shall at least have extricated ourselves from 
a groove along whi< li we have not made satisfactory })rogress; and 
we may possibly fall into a new" one wrhich w'ill lead us the quicker 
to our destination. 


SUMMAKY. 

Certain features of the pathological anatomy of the contagious 
(venereal) tunioiir of dogs, esjiecially the cytology, have been con¬ 
sidered in greater detail than in previous works. It is shown that 
tJiese tumours o(‘(ur, with (‘onsiderably greater frequency than is 
generally recognised, on superficial ])arts of the body quite remote 
trojji the genitalia, in which situation they aie often incorrectly 
diagnosed. It is not necessary to explain these as “ spontaneous 
tumours, iji (outrast with lesions which are acquired through (cell) 
contagion : the sites at which they occur and in one (»ase the history of 
occurreiue in a bite-wound, lead one, on the contrary, to believe that 
the act of coitus is not the only method w"hereby tliese extremely 
viable neoplastic cells may in nature be transferred from one animal 
to another. Neither is it necessary to suppose that the original 
“ cancerization ” in the body of a dog (whereby l)ecame established 
this strain of tumour cells which have suhse(|ueutly been transmitted 
from <l()g to dog) oc.curred on more than one occasion in the history 
of the canine sj)e(des. Hitherto, however, we have knowui of no 
spontaneously ” arising prototype of tlje contagious tumour in the 
dog. This gap in our knowledge is supplied by the occurrence ot 
certain primary tumours of the heart-base which histologically are 
identical with the contagious tumours, even to the finest details of 
their cellular architerturej^®) and wdiich ver;y lirobably are neuro¬ 
blastomas, or, more precisely, sympathogoniomas, but of which 
further investigation is required both to prove their histogenesis more 
fully and to ascertain whether their resemblance to venereal tumours 
is not confined to the morphological aspect but extends also to a 
biological identity (viz. transmissibility). Although many years 
might elapse before one is fortunate enough to encounter a specimen 
of such a tumour under conditions in which transmission may be 
attempted, the occurrence of such an opportunity may be hastened if 

(^‘*) It must be admitted that in the contagious iuinonrs hyalinised nucleoli 
w"©re not encountered, hut this is an incM^nstant feature in the heart-base 
tumours. 
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veterinarians are made aware of the desirability of investigating 
suspected cases of heart-base tumours in. the dog (8ymi)toms of ascites 
and hepatic enlargement due to venous blood-stasis, etc.) with a 
view to supplying fresh tumour tissue for transmission tests. 

In tlie cojisideration of the hist opal Jiology of these tumours, 
emphasis is laid on the high degree of cellular anaplasia which may 
be encountered, as opposed to the usually accepted conception of a 
cellular “ monotony ” of the contagious tumours, and observations 
are made on the variation in cell size and shai)e, nuclear size and 
shape, and especially on the very constant i)resence of nucleolar 
enlargement (which, if further evidence weie needed of the truly 
malignant nec»plastic character of these growths, would be of signifi¬ 
cance in the assessment of their nature). 


413 




SUMMARY. 


In a siinly of tlie lar^e nuinbei* of specimens (approximalely 600) 
which const it ule the Onderstepooit Collection of Neoplasms and 
which have been encounterp<l unions doniesli(*ated animals in South 
Africa during* a i)eriod ()f stmic fifteen years, special attention has 
been devoted to the itnideiu'e of neoplastic diseases in this country, 
to the histological and cytolo<.^ical inorjdjolo^y, and to problems oi* 
diagnosis, classifi<*ation, and nomenclature of tninonis of animals. 

While the better known (and therefore more (*asily diagnosed) 
tumours receive statistical mention only, a, detailed morphological 
study has been niade of certain classes of tumours regarding which 
difficuilties in diagnosis and (dassificaition exist : these include espe¬ 
cially the primary epithelial tumours of the liver (with special 
reference to the differential diagnosis between hepatocellular and 
cholangiocellular carcinomas), thymoma, mesothelioma, endothe¬ 
lioma, “ mixed-celled sarcoma of the fowl (with spec ial reference 
to the nature and hehaviour of the cells of this tumour), certain 
mixed neoplasms, the <‘ontagious (venereal) tunu)i{r of the dog and 
cei'taiii heart-base liunours of the same species. 

'fhe more general features of neoplastic patliology which have 
leceived attention include the following: — 

Estimations of the mitotic indices of many tumours have been 
undertaken and the signiHcame of tliese counts is discussed. 

Extensive observations have been made on the nucleolar-nuclear 
ratios in the cells of various kinds of tumours. A lapid technique 
for the estimation of this ratio is deserihed and the vsignificance of 
increase in n ! X ratio in the estimation of malignancy is discussed. 

The existence in seveial kinds of tumours ot animals (hepato¬ 
cellular carcinoma, thymoma, neurofibroma, avian ** mixed-celled 
sarcoma, certain heart-base tuimuirs of the dog, etc.") of hyaline 
intranuclear “ inclusion-bodies ’’ is recorded, and evidence i.s pre¬ 
sented to show that these bodies are of nucleolar origin. The stages 
in their development, by a process of vacuolation and hyalinisation 
of the nucleolus, are described and illustrated, and the fallacy of 
excluding a nucleolar origin of intramiclear “ inclusions merely on 
the basis of their coexistence in a nucleus with “ normal ” nucleoli 
is pointed out. 

In dealing with the intercellular matrices and stromae of 
different kinds of tumours, evidence is jiresented in favour of an 
intracytoplasiuic formation of collagen in the cells of the histiocytic 
sarcomas and the embryonal nephromas of the bird. The association 
of neoplastic endothelial cells with the production of reticular fibrils 
and their ability to transform into fibroblasts is discussed. The 
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foniiation by one and the same cell of keratin and collagen is de¬ 
scribed in an embryonal tumour of the dog. The question ol 
secondary osteoplasia in the stroma of simple tumours and of essen¬ 
tial osteoplasia and fibroplasia in the parenchyma of mixed tumours 
receives notice. 

Among tumours recorded for the first lime are the following: — 
Carcinoma of the small intestine and carcinoma of the pancreas jn 
the sheep; thymoma in the goat; embryonal nephroma in the horse; 
gliomas of the brain of the fowl; cutaneous neurofibromatosis in the 
fowl; probable synipathogoniomas (neuroblastomas) of the base of 
the heart in the dog; (reticulo)-endothelioma of the liver and spleen 
of the sheep; pericaidial mesothelioma in the horse; and jnyo-lipoiiia 
of the vagina of the bitch; while a peculiar embryonal epulis of the 
dog, an interesting mixed tumour (simulating splenic tissue and 
having also an adenomatoid moiety) affecting the lung of a sheep, 
and leiomyoi!iatoid carcinomata of the female genital tract and ot 
the pharynx of the fowd are also features of the collection. 

Of tumours wl)ich, according 1o the literature, mu.Nl be considere<l 
great rarities, the following are represented in the Onderstepoort 
(\)llectiou: (glandular) carednoma of the stomach af (he l»orse, 
mammary carcinoma of the mule; cliolangiocellnlar carcinoma of the 
liver of the ox, and hepato(‘ellular carcinoma of the liver ot the 
fowl; lympliaiigiomas of the subcutis of the ox and the mule and 
also of the pleura of equinos; lymphangioma, lymphangiogenous 
endothelioma and mesothelioma of the serous membranes of bosines. 

In fowls and in sheep the occuirenee is recoidod of a type of 
epithelioma which combines the excessive keralinizafioti ot rt^rnn 
ctftarieurn with the invasive growth of acanthoma. Thu reasons for 
the existence ot this tumonr in rimn'nants and Idrds and for its 
occurrence in certain sites are examined. 

The significance, diagnosis, and clas.sificat ion of certain 
cutaneous and apparently contagious neoplasms whic h are exceed¬ 
ingly common among equines in South Africa have been studied. 
The term (equine) sarccuds is pro])osed for these lesions, which in 
certain respects seem to stand midway between grannlomata and 
sarcomata. A study of their histology and histogenesis, together 
with (dinical considerations, piovides evidence that they are to be 
regarded as one-sided developments of the lesions which in other 
species (dog and ox) constitute the well-known contagious papillo¬ 
matosis; and that the existence of these sarcoids is apparently to be 
ascribed to the excessive response of the corium as coin])ared with 
the epidermis to the aetiological agent of this disease in equines; 
i.e. the fibroblastic proliferation gains the ascendency over the epi¬ 
thelial proliferation, instead of that balance being maintained 
between the two moieties w^hich results in the develojimeiit of the 
typical papilloma in other species. 

Attention is drawn to the frequent occurrence of the contagious 
(venereal) neoplasm of dogs at sites remote from the genitalia. It is 
concluded that there is insufficient evidence to show that these 
tumours, no matter where they may occur on the surface of the body, 
are ever due to any cause but the actual inoculation of tumour cells 
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by contact with another animal (direct or, possibly, indirect); in 
other words there has hitherto been no good evidence in favour of the 
“ spontaneous occurrence of such tumours. '^I^e assumption of a 
sjmntaneous ’’ occurrence is, however, obviously necessary to 
explain how Uiis tumour originally came into existence. In this 
work, the niorjihological resemblamie between certain i»rinmry heart- 
base tumours of the dog and the contagious tumours is considered so 
striking as to justify a strong suspicion that the former constitute the 
hitherto unidentified “ 8i)ontaneous ” juotot.vpe of the latter. The 
heart-base tumours in question are tentatively identified as 
sjmipathogoniomas (highly undiifereniiated neuroblastomas arising 
from the sypii)athetic formative cells which constitute the priniordia 
of the subepicardial symimthetic ganglia of the heart-base); this 
o])inion c^irries with it the corollary that the transmissible *• lympho¬ 
sarcoma ” has been erroneously assessed by histoj)atliologists and is 
in reality ])robably an apolar neuroblastoma or sympathogonioma. 

Regarding the incidence of tumotirs of domestic animals in South 
Africa, the collection reflects the following data in respect of the 
frequency with which the ]iathologist encounters neoplasia in the 
different species : —) 

Equine: Nanoids <»f the skin, per cent.: acanthoma, 21 per 
cent.; melanotic sarcoma, IG i)er cent.; carcinoma, 4 per cent.; 
lipoma, 2*0 per (erit.: (cxjrtical) hypernephroma (benign) 2 per cent.; 
all other tumours encountered, less than 2 ]>er (‘ent. each. 

Rovine: acanthoma, 23 per cent.; caicinojna, IT ])er cent.; 
papilloma, 14 per cent,; neurofibroma, 8 per cent.; embryonal (tera¬ 
toid) tumours, o per cent.: cornu cutuncum, transitional cell carci¬ 
noma, lipoma, fil)ro])lastic sarcoma and thymoma, each 4 per cent.; 
ciulothelioma, 3 ])er (‘ent.; all other tumours encounteied. less than 
2 ])er cent. each. 

Ovine; carcinoma, 28 per (*ent.; acanthoma, 2o per cent.; lym- 
phocytoraa (or lymphosarcoma), 10 3 )er cent.; embryonal (teratoid) 
tumours, 8 per cent.; thymoma, o j»er cent.; (cortical) hyperne})liroma 
(benign), i) per cent.; all other tumours eiH’ountered, 2*5 per cent, 
each. 

Caprine: acanthoma and melanotic ei)itlielioma, 44 per cent, 
each; adenoid epithelioma, 4 per cent.; all other tununirs encountered, 
2 per cent. each. 

Canine: contagious (venereal) tumour, 19 per cent.: acanthoma 
and basal-cell e])ithelionia, each 11 per cent.: embryonal (teratoid) 
tumours, 10 jier cent.; carcinoma, 10 per cent.; melanoma, 7 per 
cent.; all other tumours encountered, each b o ])er cent, or less. 


(1) In reading the following figures, it is necessary to observe that “ car¬ 
cinoma’’ iiiclud(^s only “gland cell” carcinomas (i.e. carcinomas in the 
narrower sense; ac'anthoma, basal-cell epithelioma, adenoid epitheliomas of 
malignant type, and also mixed tumours having a carcinoniatoid moiety being 
recorded separately). 

u 
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Poultry: lymphoeytoma (lymphoid leucosis), 45 per cent.; 
(glandular) carcinoma, 22 per cent.; leiomyoma, 7 per cent.; ‘‘ mixed- 
celled sarcoma, 7 per cent.; fibroplastic sarcoma and teratoid 
(embryonal) tumours, each 3*5 per cent.; all other tumours encoun¬ 
tered, each 2 per cent, or less. 

Too few tumours of the pig and the cat have been encountered 
to allow figures to be given for these species. 

The outstanding features of these statistics are the high incidence 
of the equine sarcoids; and of glandular carcinomas of the sheep (a 
species which has been thought to be almost immune from that 
disease), the great preponderance of malignant epithelial tumours of 
the skin over all other tumours of the goat, and the freqiiency of 
lymphoeytoma in the fowl in South Africa. In addition, the rela¬ 
tively high frequency of incidence (in contrast to what one would 
expect from other stastisiics) of thymoma in ruminants and basal-cell 
epithelioma in the dog is worthy of remark. 

The wealth and variety of the Onderstepoort Collection is a tribute 
to the interest in neoplastic diseases which has been shown not only 
by fellow pathologists but also by veterinarians in general and even 
by laymen in this country. It is hoped that the annotated and 
classified specimens to which this work forms a guide will provide a 
sound basis on which may be undertaken further and much needed 
investigations into comparative oncology and related j)athological 
problems as encountered in South Africa. 
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APPENDIX A 


Speciks Incij)encj5 of TtJMorus in iSodth Africa. 

Kqiune (horse, mule and donkey): 119 tumours. 

Papilloma or sarcoid, 44; ueantlioma, 25; melanotic sarcoma, 19; gland- 
cell carcinoma, 5; lipoma, 3; cortical hypernephroma (benign), 2; meso¬ 
thelioma, 2; myxoma, 2: osteoma, 2; lymphangioma, 2; endothelioma, 2 (lym- 
phangiogenouK, 1; and naemangiogehous, 1); teratoid or embryonal tumour, 
2; basocellular epithelioma, 1; malignant (Wtical hypernephroma, 1; phaeo- 
chromocytoma, 1; fibroma,!; chondroma,!; fibroplastic sarcoma, 1; melanotic 
epithelioma, 1. 

Ot: 10ft tumours. 

Acanthoma, 23; gland cell carcinoma, 19; papilloma, 15; false 
neuroma (neurofibroma), 9; teratoid or embryonal tumour, 5; cornu 
cutaneum, 4; transitional cell carcinoma, 4; lipoma, 4: fibroplastic sarcoma, 
4; thymomuj 4; endotbclioma, 3 (haemangiogenous, 2; lymphangiogenous, 1); 
benign cortical hypernephroma, 2; mesothelioma, 2; chondroma, 2; lym¬ 
phangioma, 2; lymphocytoma, 2; malignant cortical hypernephroma, 1; 
phaeochromocytoma, 1; osteoma. 1; mixed-celled sarcoma, 1; myxoplastic 
sar<‘oma, 1; teratoma, 1. 


Shfiei): 39 tumours. 

Gland cell carcinoma, 11; acanthoma, 10; lyinphdcytoma, 4; teratoid or 
embryonal tumour. 3; thymoma, 2; benign cortical hypernephroma, 2; cornu 
(‘iitaneuin, adenoid epithelioma, myxoma, lipoma, osteoma, hbroplastic sar¬ 
coma, haemangiogenous endothelioma (reticulo-endothelioma), 1 each. 

Goat: 4(1 tumours. 

Acanthoma, 20; melanotic epithelioma, 20; adenoid epithelioma, 2; 
tliynioma, leiomyoma, collision tumour, papilloma, 1 each. 

Pig: 4 tumours. 

Melanotic sarcoma, 2; haemangiogenous endothelioma, 1; papilloma, 1. 

Bog: 72 tumours. 

Contagious (venereal) tumours, 14: acanthoma, ft; basocellular epithelioma, 
8; teratoid or embryonal tumour, 7; gland ceil carcinoma, 7; melanotic sar- 
<*oma, 5; adenoid epithelioma, 4; lymphocytoma, 4; heart-base tumour, 3; 
papilloma, 3: fibroplastic sarcom^i, 2; haemangioma, 2; fibroma, lipoma, 
chondroplastic and osteoplastic sarcoma, lymphangiogenous endothelioma, 
leiomyosarcoma, 1 each. 


Cat: 2 tumours. 

Basocellular epithelioma, 1; osteoplastic and chondroplastic sarcoma, 1. 

Poultry: 203 cases. 

Lymphocytoma, 92; gland cell carcinoma, 45; leiomyoma, 15; ** mixed¬ 
cell (histiocytic and fior^lastic) sarcoma, 14; fibroplastic sarcoma, 7; teratoid 
or emWonai tumours, 7; eiythroleucosib, 6; acanthoma, 3; myxoma, 2; 
glioma, 2; teratoma, 2; collision tumours, 2; fibroma, osteochondroma, false 
neuroma, myxoplastic sarcoma, osteoplastic and chondroplastic sarcoma^ 
inyelocytoma, mixed leucosis, 1 each. 
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APPENDIX A 


Organ Incidbnce of Primary Titmours. 

Skin, Subcuiis, JBduc^me at Natural Orifices, and Tumours infiUrating ike 
Pectoral Musculature of Fowls* 

Gotnu outaneum : 3 boviues... 3 

Acanthoma: 62 equines, 1 bovine, 4 ovinee, 18 caprines, 4 oauines, 1 feline, 

3 avians. 93 

Basooeliular epithelioma: 1 equine, 8^.canines. 9 

Adenoid epithelioma: 1 ovine, 2 caprines, 5 canines. 8 

Melanotic epithelioma: 2 equines, 19 caprines. 21 

Benign connective tissue tumours (including those of mixed type): 4 equines, 

1 ovine, 1 canine. 6 

Fibroblastic and histocytic sarcoma: 1 equine, 1 bovine, 1 ovine, 1 canine, 

3 poroines. 7 

Angioma: 1 equine, 1 bovine, 2 canines. 3 

Endothelioma : 1 porcine, 1 canine. 2 

Contagious (venereal) tumour: 4 canines. 4 

Papilloma or sarcoid: 41 equines, 11 bovines, 1 caprine. t53 

Lymjdiocytoma (see haemopoietic organs for skin leuootic tumours of avians). 

Total. 213 

Digesiive System, 

(а) Mouih* 

Acanthoma: 2 canines.... 2 

Osteoma: 1 equine. 1 

Fibroplastic sarcoma: 1 bovine. 1 

Embryonal mixed tumour: 1 canine....,.*. 1 

Papillomata: 1 porcine, 3 canines. 4 

[Tongue. —^Neurofibroma: 2 bovines (see nervous system).] - 

Total. 9 

(б) Pharynx. 

Carcinoma leimyomatosum: 1 avian. 1 

Fibroplastic sarcoma: 1 bovine. 1 

Papilloma (1 case of canine buccal papillomatosis extended to the pharynx) 1 

Total. 3 

(c) Oesophagus. 

Fibropiastic sarcoma: 1 canine..... 1 

Hjstiocytac sarcoma; 1 avian... 1 

Total... 2 

(d) Foretiomachs of ruminants. 

Acanthoma: 4 bovines, 1 ovine.... 5 

Papilloma; 3 bovines... 3 

Total. 8 
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OHGAN INCIDENCE, 


(e) Stonujboh. 

Carcinoma : 1 equine. 1 

(/) Inleaiim, 

Carcinoma : 1 equine, 1 avian. 2 

{g) Anna (Anal glands). 

Carcinoma : 1 canine. 1 

(h) Livsr, 

Adenoma hepatocellulare .* 2 porcinoM, J bovine. 3 

Carcinoma hepatocellulare: 6 bovinos, 2 ovines, 2 mammals (species 

unknown), 1 avian. 11 

Carcinoma cholangiocellulare: 3 bovines, 1 canine. 4 

Endothelioma : 1 ovine (spleen also affected). 1 

Ly?nphoeytorna (see hacmopoietic oigans for hepatic lesions of avians). 

Total. 19 

{i) Pancreas, 

Adenoma : 1 bovine (multiple). 1 

t'artnnoma : 1 ovine. 1 

Total. 2 

Ppspiralory ifystem. 

Nostril, 

Fibroma : 1 equine (na.sal polyp). 1 

Paranasal sinuses (including nasal chamber afid ethmoidal muscosa). 

Transitional cell carcinoma: 2 bovines.f. ' 2 

Myxoplast if sarcoma ; 1 bovine. 1 

Total. 3 

Lu7uj (inelvdiftg inirapulmonary bronchi). 

Carcinoma : 1 ovine, 2 canines. 3 

Mixed tumours ; 1 ovine. 1 

Lymphocytoma (apparently primary in lung): 5 avians. 5 

Total. 9 

CircuUdonj System — Heart, 

Endothelioma : 2 bovines... 2 

Heart-base tumours (sympathogoniomas): 3 canines. 3 

Neurofibroma: 1 bovine (see nervous system). 

Total. 5 

Serous Membranes, 

Peritoneum, 

Mesothelioma: 2 bovines. 2 

Lymphangiogenous endothelioma: 1 bovine. 1 

Pleura, 

lymphangioma: 1 equine, 1. bovine. 2 

Mesothelioma (T): 1 equine. 1 

Pericardium, 

Mesothelioma: 1 equine. 1 

Total.,. 7 
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APPENDIX B. 


Female Eepro^tive System (internal genitalia), 

Carcmoma (including C. leiomyomatomasum): 22 avians. 22 

Leiomyoma: 15 avians... 15 

Histiocytic sarcoma: 4 avians... 4 

Myxoj^astio sarcoma: 1 avian.... 1 

Bndol^elioma: 1 equine (mule). 1 

Teratoma: 1 equine, 1 avian... 2 

Total. 45 

Female JReproductim System (external genitalia), 

(Far tumours of lips of vulva, see skin and natural orifices). 

Vagina, 

Mixed tumour (leiomyolipoma); 1 canine. 1 

Contagious (venereal) tumour: 2 canines. 2 

Leiomyoma malignum : 1 canine. 1 

Mammary gland. 

Adenoma : 1 canine.. 1 

Carcmoma : 1 equine (mule). 1 

Mixed embryonal tumours : 5 canines. 5 

Total. 11 

Male Reproductive System, 

Testicle, 

Carcinoma : 1 bovine, 1 canino... 2 

Teratoma : 1 avian. 1 

Total. 3 

Prostate, 

Carcinoma : 1 canine. 1 

Penis, Sheath and Scrotum, (For acanthoma, papilloma, sarcoid, etc,, see skin 
and natural orifices), * 

Contagious venereal tumour: 7 canines. 7 

Nervous System, 

Central nervous system, 

2 gliomas of avians. 2 

Peripheral nervous system, • 

8 neurofibromas or neurosarcomas of bovines, 1 case of cutaneous neuro¬ 
fibromatosis of the fowl.. 9 

Total. 11 

Endocrine Organa, 

Thyroid, 

Adenoma or struma nodosum: 5 equines, 1 ovine. 6 

Lymphoid leucosis: 1 avian. 1 

Total. 7 
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ORGAN INCIDENCE. 


Adrenal, 

(а) Cortex : 3 cquines, 2 buvines, 2 ovines. 7 

(б) MeduUa: 1 equine, 2 bovines. 3 

Total . 10 

Thymus, 

Thymoma: 4 bovines, 2 ovineg, 1 caprine. 7 

Urinary Organs, 

Kidney, 

Adenoma : 1 bovine. 1 

Carcinoma: 1 ovine. 1 

Embryonal nephroma : 2 equines, 6 bovines, 2 ovines, 6 avians. 15 

Lymphocytoma (lymphoid leucosis)—see haemopoietic organs for avian 
leucotic tumours). 

Total. 17 

Bladder, 

Leiomyoma: 1 caprine (multiple)...*. 1 

Haemopoietic Organa (indvding the akin, liver, and kidneys of fowls), 

Lymphocytoma or lymphosarcoma (lymphoid aleiicaemia): 88 avians, 3 bovines, 

4 ovines, 3 canines. 88 

Myelocytoma: 1 avian. 1 

Erythroleucosis : 5 avians. 5 

Endothelioma : 1 ovine (spleen). 1 

Total . 105 
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APPENDIX 0. 


GATiU:X>GVE OF THE OndEBSTEFOOKT COLLECTION OF NEOPLASMS. 

Sqmmous EpUhelial Tumours. 

Comu CtUaneum. 


Bovtwc—10434, 12956, 16901, 16106. 4 

OMne—6142.'. 1 

Total. 6 

Acanthoma, 

Equine. 

Oonjunotiva or orbital region : 2393, 3577, 4698, 5351, 5740, 6123, 6250, 

8745, 9233, 12515. 16312 (»), 16003. 12 

Penis or Prepuoe: 2788, 3205, 4560, ^94, 0665, 14114, 16101, 16104 8 

Groin; 10299, 11316. 2 

Site not stated : 2081, 2265. 2 

Secondary (peritoneum): 2593 (mule). 1 

Total. 26 

Bovine, •— 

Conjunctiva or Orbital Region: 5334, 5714, 6886, 7146, 7173, 8533, 

10183, 12990, 13981. 9 

Rumen ; 6054, 6065, 6060, 13627, 16158. 5 

Vulva: 2115, 15983. 2 

Skin (cheek); 5996. 1 

Site not stated : 2247. . 1 

Secondary: 2753, 6052, 10718 (lymphnodes), 10488 (heart), 12952 (liver) 5 

Total...... 23 

Ovine, 

Conjunctiva or Orbital Region; 7170 (*), 11869 (*) («»11626), 16277.. 3 

Frontal or frontoparietal region: 6555 (*), 7576, 16300 (‘) (’). 3 

External Ear; 6262, 10742. 2 

Omasum : 13122. 1 

Site not stated : 10790. 1 

Total. 10 

Caprine, utmm, 

Perineum; 7447, 7831 («) (===7802), 8059 («), 8483, 8639 (=9424), 8876, 

9139, 9209, 9332, 9323, 9447, (=9647), 9448, 9675, 9939, 9970 (»), 

10672, 16099. 17 

Face ; 12306. 1 

Skin ; 13814, 16239. 2 

Total. 20 

Canine, —• 

Prepuce: 9744, 13675. 2 

Skin of other parts : 2345 (abdomen), 7417 (not stated), 15049 (»14976) 

(inguinal region), 15864 (scrotum). 4 

Bucc^ mucosa: 7889 (hard palate), 15454 (*) (gums). 2 

Total. 8 

Avian. nanm, 

Skin: 10971 (^) (leg—metatarsus), 11984 (neck), 16236(^) (leg—^tarsus) 3 

GRAND TOTAL. 94 


(i) Denotes melanin-pigmented aoauUioma, 

(*) Denotes acanthoma with secmidary osteoplasia. 

(*) Denotes excessively keratinised acanthoma (A the ** malignant coma outaiteum ** t 3 rpe. 
(*) Denotes lymph-gland metaataees. 

(«) Denotes lymph- and biood-bome metastases. 
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CATALOGUE. 


Bctaocellular EpUhdioma, 

6Wne—6165, 7417, 10496, 11221, 14791, 14838, 16074, 15096. 8 

A^gMtne-“6918. 1 

Feline —14021. 1 

Total. 10 

A denoid Epithetioma. 

Caprine —^Perineum (sebaceous type) 8481, 8507. 2 

Ovine —Ear (E. adenoides cysticum) 9041. 1 

Camw€~-10223, 14838 ( = 14791), 15902(^), 15952. 4 

Total. 


Glandular and Tran sit ional(^) Epjithelinl Tumours. 


Adenoma. 

(Thyroid): 9616(*). 9276(^), 13077(«), 13413(«), 13449(®), 16203(*).... 6 

Bovine —2162(’) (pancreas), 5634(*) (kidney), 5640 (liver). 3 

Porcine —(Liver): 6454(®), 6460(*). 2 

Canine —5826 (lesticU’—“ l>enign sctninonm *’), 16245 (male breast^ A. fibrobum, 

“ tibroiwlcnoiMa”). 2 

Notk. —For sebaceous adenoma ” see adenoid epithelioma. For 

adenoma of adrenal cortex see hypernephroma. For other 
adenomatoiil lesions see “ hyperplasias approaching neoplastic 


Total 


13 


Transitional Cell Carcinoma. 

Bovine —6224 (motastas<\s in pharyngeal glands only), 17082 (do.), 13437,16245.. 4 


Carcinoma (gland cell). 

Equine —8009 (mule, mammary gland), 15193(i®) (stomach), 2789 (mule), 4515, 

11592 (mule, secondary: primary lesions not submitted). 5 


C) Perianal sebaceous glands. 

(®) That is, transitional between squamous and glandular epithelium. 

(*) 8pindle-eelled type. 

(®) Foetal (parenchymatous) and colloid type, with cyst-formation. 

(*) Colloid and “ foetal ” or parenchymatous type. 

(•) Solid “ foetal ” or parenchymatous type (almost exclusively). 

{^) Multiple lesions, possibly classifiable as adenomatoid hyperplasia. 

(®) Possibly to be regarded as a one-sided development of embryonal nephroma 
without invasive growth. 

(®) Multiple hepatocellular j^liferations, some of the nature of focal hyperplasias, 
others ^ving progressed to small adenomas. 

(«) Wth metastasis. 
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AJ’PENBIX C. 

Bovine, 

Liver (hepatocellular): 2121,2669, 3224, 5606, 6072,9729. 6 

Liver (oholangiocellular): 6771, e278(»), 10764(*), 10766. 4 

Testicle: 6063... 1 

Secondary (primary not submitted): 2723 (lymph-node), 4897(*} (lung 

_1 1.._nonn iOAA/k loaciio 1._'ijieee 


Total. 18 

Ovine, 

Liver (hepatocellular): 13043, 13360, 16063. 3 

Other organs: 2611(^) (kidney), 4114 (small intestiue), 6204(i), 6704(i) 

(pancreas), 11429 (kidney)(^), 16534 (lung). 6 

Secondary (primary not submitted): 9470 (liver and lung), 11682 (liver).... 2 

Total. 11 

Canine —3636 (*) (prostate), 6631 (lung), 10667 (anus—anal glands), 14319 (testicle), 

14754 (*) (lung), 16152 (®) (liver—cholangioceilular), 16130 (^) . 7 

Mammalian (species not known): 3471 (*), 9810 (liver—^hepatocellular). 2 

Avian (i.o. fowls except where stated)— 

Intestine : 14952 (*). 1 

liver (hepatocellular): 15816. 1 

Pharynx: 14035 (*). 1 

Reproductive tract (female): 

(а) Ovary: 8289 (^®), 8395 (•) («), 8404 (J®), 10338 («) (»*), 10619, 10620, 

10709 (“), 11060, 12371 12660 (i«), 13386 (“), 13625 («), 13998 (i®), 

16018 («) (1®), 16369 (»®), 16599 (“), 15814 (») («). 17 

(б) Oviduct: 7746, 7747, 9313 (•) (W), 15844 (»«). 4 

Secondary (site of primary not recorded—^implantation metastases on serosae): 

8321, 8927, 8928, 8962, 9112, 9394 («), 9873, 9874, 9892, 10143 (“), 10169, 

10356, 10738, 11327, 12026, 12092, 12108, 14236, 14246 (®), 15660 . 20 

Secondary (blood-borne): 4386 (turkey, liver). 1 

Total. 45 

Total Gland Cjsll Carcinoma. 88 

Total Carcinomas including acanthoma, basal cell ( arcinoma, 

TRANSITIONAL CELL CARCINOMA, GLAND CELL CARCINOMA AND 
melanotic EBITHELIOJtJf. 196 

(^) With metastases. 

(®) Same subject had an acanthoma, secondary in lymph-nodes and probably primary 
in rumen. 

(*) Included as secondary because of insul&cient evidesnoe of primaiy nature. 

(®) Possibly a one-sided development of embryonal nepliroma. 

(^) With pulmonary metastases. 

(®) With lymph- and blood-borne metastases. 

(’) Lymph-node metastases only submitted. 

(*) VSlth metastases to liver. 

(®) Carcinoma loiomyomatosum. 

(^®) With serosal implantations. 

(^^) Same subject had a leiomyoma of the oviduct. 

(^) Parietal peritoneum also affected, 
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CATALOGS. 


Hypernephroma. 

(1) Cortical Hypernephroma — 

(a) Benign type (“ Adenoma **);— 

Equine —12675 . 2 

6926, 14336. 2 

Ormft--~10064, 13867 . 2 

Total. 6 

(h) Malignant tyj^e {** Carcinoma *’):— 

Equine —12614. I 

Bovine —16614 [embryonal (falHe) mixed cortical tumour]. 1 

Total. 2 

Total (Cortical). 8 

(2) Phaeochromocytonuj — 

Equin *^—13449. 1 

Bovine- 8062... 1 

Total. 2 

Mesothelioma. 

Equine —9663 (—9383) (}>ericardial), 10423 (pleural)?. 2 

Bovine —6468, 12147 (both peritoneal). \ . 2 

I'OTAl. 4 

Thynmm. 

Bovine—nmS. 6467, 12786, 14726. 4 

OWw—2636, 13661. 2 

Caprine —12797. 1 

Total. 

Benign Connective Tissue Tumours, 

Fibroma, 

Equine —16131 (nostril—K. mollc rt haeinaiigiomatosum). 1 

Canine —16904 (skin—umbilicus). 1 

Avian —6893 (external ear). 1 

Total. 

Myxoma. 

Equine —13599 (mule—suboutis), 13600 (mule—subcutis). 2 

Otane—14070 (neck—M. bbromatosum). 1 

Avian —12659 (breast), 15063(*) (wing). 2 

Total. 5 

O Same subject bad an osteochondroma of tbc dura mater. 
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AFPENBIX 0. 


lAfptma. 

Eguim —^2803 (site not stated), 2887 (peritoneum), 4075 (mesentery).. 3 

Bovine —3569 (omesitum), 8627 (omentum), 6447 (thi^), 12748 (mesentery)... 4 

CHane—12688 (meniges—congenital). 1 

Canine —10345(‘), (flank—multiple), 11328 (site not stated). 2 

Specks net hnoum-S4Zl (mesentery), 3618 (mesentery). 2 

Total. 12 

Chondrofna, 

Equine —9126 (external oar). 1 

Bovine —10752 (ribs), 14986 (sternum). 2 

Total. 3 

Osteofm, 

Equine —6136 (fascia lata), 11317 (osteoid osteoma, gum, mandible). 2 

Bovine —4909 (cervical vertebrae). 1 

Otane—8735 (mandible). 1 

Total. 4 

Osteochmtdroma. 

Avian —15063 (dura mater). 1 


“ False Neurotm'* 

(Neurofibroma, neuromyxoma, neurosarcoma)—Cbnneotivo-tissue tumours arising 
from the endo* (and peri<) neurium and closely related to fibroblastic 
tumours. 


Bovine — 

Brachial plexus: 10766 («), 10828 (*), 13504 (heart also affected). 3 

Intercostal nerves (^): 13317. 1 

iSoiatic nerve (^): 12199 (•). 1 

Tongue : 6468 (*), 16258. 2 

Site not stated : 10923 (*), 11769. 2 

Total (bovine)... 9 

Avian— 

Cutaneous nerves: 8602 (multiple cutaneous neurofibromatosis or 

neuromyxomatosis).. 1 

ItlTAL. 10 

Maiignant Connective Tissue Tumours, 

Fibroplastic sarcoma. 

Equine —4874 (mule, crural region). 1 

Bovine —7469 (heart—secondary?), 10817 (shoulder), 12488 (=12585) (mouth), 

13678 (pharynx). 4 

Ovine —7178 (hind limb). 1 

Canine —7414 (subcutis), 8550 (oesophagus) (•). 2 

Avian —7854 (site not stated), 10918 (site not stated), 10945 (*) (breast muscle), 

10947 (subcutis, crop region), 11295 (lung, probably secondary), 12202 
(secondary implantation intestine), 14442 (scapular region). 7 

Total. 15 


(^) 8ame subject had a mixed tumour of the breast. 

(*) Intranuclear inclusions and a certain degree of cellular anaplasia present, possibly 
justifying a diagnosis of neurosarcoma, but definite hxvasiye growth and metBctisea have 
never been seen. 

(*) The same subject had a cholangiooellalar oarcinoma of the liver. 

(^) The nerves affected are in these cases inferred from a deseripito of the site and 
a knowledge of the predilection seats of the disease. 

(*) With blood-borne metastases. 
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CATALOGUE. 


Histiocytic (mixed-ceUed) Sarcoma, 

Avian — 

Ovary (with implantations): 8487. 10403 (i), 12007, 15100(*), 10918 

(site not known—^probably ovary). 5 

Other organs: 8206 (oesophagus), 14117 (^) (wattle), 14o08 (breast, 

pectoral musculature), 15433 (^) (abdominal wall). 4 

Secondary knfions only submitted: 5128 (intestinal serosa), 11547 

(intestinal implantations), 11987 (turkey—hepatic metastases), 13051 
(hepatic metastases), 15161 (hepatic metastasis), 15427 (intestinal serosal 
and mesenteric implantations). 6 

Total —Avian . 15 

Bovins —6008 (uterus)... 1 

Ovine —8619 (hepatic and nephric metastases only). 1 

Total —Mammalian . 2 

Totai. 17 

Myxoplastic Sarcoma, 

Bovine —11648 (paranasal sinuses). 1 

Avian —12193 (ovary, with implantations). 1 

Total. 2 

OsleojdaMio and Cho7idrovla»tic Sarcoma, 

Canine —12754 (humerus —osteoplastic ). 1 

Feline —14067 (hock—osteoplastic). 1 

Avian —9381 (hones, with metastases to muscles and subcutis—osteo-chondro- 

hbrosarcoma ”). I 

Total. 3 

Angioma, 

(1) Hafifnanytorna, 

Canine —15102 (skin, tibia! region : H, cavenmsum), 12062 (hip region 

H. cavernosum). 2 

(2) Lymphangioma, 

Equine —15537 (mule—flank: L. cavernosum), 8045 (pleura: L. simplex).... 2 

Bovine —3589 (pleura: L. simplex et cystieum multiplex), 12040 (site not 

recorded : L. cavernosum). 2 

Total —Angiomata . 6 

EndotMiofna, 

(1) Haemangiogenous, 

Equine —14714 (suboutis, thigh : £. aolidum). 1 

J!omne>-5144 (heart), 11070 (pulmonary semilunw valve). 2 

Ovine —5847 (liver and spleen: reticulo-endothelioma). 1 

Porcine—14967 (skin—multiple: E, haemangioplasticum). 1 

Totai. 5 


(*) CoUkioD tumour with myelocytoma. 

{») With blood<bome metastases to spleeiu 

(*) Vilth blood<botne metastases to liver, heart, kidney and lung, latter growing 
as myxosarcoma. 
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APPENDIX a 


(2) Lymphangfogmou9, 

Squine —14924 (mule—ovaries with extensive peritoneal secondaries). 2 

Bavim —8124 (perikmeum) . 1 

Canine —9061 (subcuHe) . 1 

Total. 3 

Total —EnMhdioma . 8 

Leiomyoma. 

Caprint —14142 (urinary bladder—multiple). 1 

Avian — 

Oviduct or oviducal ligament: 4876, 7638 (^), 8844» 8869, 9712, 9986 (i), 

9988 (1), 10093, 10143 (*), 10168 (»), 10298, 10338 ('), 10637, 14706 14 

Ovary, also ovarian bursa and proci^eum (L. librosum—** fibroid **): 

1^68 (multiple). 1 

Total. 16 

Leiomyoma malignum {leiomyosafwma). 

Canine —16310 (vagina). 1 


Lymphooytoma. 

(1) Mammalian {Lymphammcomaf lymphoid aleueaemiat round celled mrcoma**). 

Bovine — 3180 (stemid region), 5124 (site not known). 

Ovine — 6579 (lymph-node^-site unrecorded), 6001 (caudal cervical lymph-nodes), 
6816 (site unrecorded—subcutaneous), 9196 (cranial cervical-—thyroid 

region). 

Ccmine —(lymphatic aleucaemia): 9592, 9964, 12019, 14733. 

Total. 


(2) Avian (Lymphocytoma, lymphoblaetoma, “ round eeUed sarcoma** lymphoid 

leucoeie). 

The following lesions are either situated in the cutis (and subcutis) or 
in the internal organs (especially liver, kidney, heart, etc.), or in both. They 
vary from discrete tumours apparently with blood-borne metastases (“round 
celled sarcomata**) to a genem affection of the haemopoietic system with 
formation of multiple focal infiltrations rather than actual “ tumomrs.*':— 

AvioSSr— 

Fowl: 2818, 3633, 3904, 3905,* 3978, 4727, 4923, 4992, 5129, 594o, 0093, 
6204, 6369, 7196, 7197, 7226, 7354, 7362, 7535. 8063, 8064, 8074, 8090, 
8122, 8354, 8462, 8522, 8731, 9310, 9367, 9449, 9464, 9552, 9554, 9762, 
9792, 9838, 9839, 9840, 9987, 10017, 10173, 10351, 10352,10358,10369, 
10520,10436, 10523, 10569, 10635, 10723, 10818, 10864, 10914, 10919, 

10942, 10943, 11052, 11194, 11283, 11428, 11722, 11802, 11873, 11882, 

11919, 12114, 12021, 12186, 12379, 12801, 12922, 13145, 13195, 13214, 

13793, 13794, 14062, 14540, 15117, 15235, 15496, 15522, 15525, 15646, 


15962, 16159, 16259, 16320, 16321. 91 

Turkey: 11461. I 



Total. 


(^) L. haemangiomatosum. 

(*) Same subje^ had transcoelomic implantations of a oaroinoma of unrecorded Site* 
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CATAJjOQVR. 


Myebcytoma (myeloid leucosis). 

Avian —10918 and 15100 (coUision tumours with ovarian histiocytic sarcoma) 2 

Avian leucosis of mixed (lymphoid and vnyeloid) type. 

Avian —9793 (]ymphoc 3 rtoina of oviduct and myolocytomatosis of liver). 1 

Erytkroleucosis. 

AvianrS2U, 8245, 9122, 11208, 16330. 5 


Glioma. 

Aviavr-Omry, 14258. 2 

The co'ntagious (Venereal) Tumour of Dogs {Neuroblastoma %). 

Aff<iting the male genitalia : 3301, 5918, 6098, 9181, 13018, 14931 (»), 14968 (') 7 

Affecting the female genitalia: 2790, 12316. 2 

Affecting oi.h(!r parts of the body: 6803 (*) (siibcutis, involving musculature), 

9082 (site unrecorded), 14826 ( = 16993) (elbow and ear), 15601 (®) (lip 
and nostril), 15722 {) (hip region). 5 


Total. 14 

The Heart Base Tumour of Dogs (Neuroblastoma 1). 

7808 (^), 11331 (cardiac situation inferred), 15848 (®). 3 

MeHauin-pigwented Tmnours of Epithelial Type (excluding melanotic 
acanthoma)—melanotic epithelioma, “ mclanocarcinonm.^'' 

Equint- 10187 (corneal conjunctiva). 1 

Fdine —See basal-coil epitheliomas. 

Caprine (all are tumours of the skin)* 

Perineum: 6189, 7256, 7481, 9168 («), 9255, 9266 (•) (-9971), 9257, 

13112 («). 8 

Kar: 6999 (=7385), 9254, 9278 (’). 9425 (•) (=9586), 9586, 9787, 10235 7 

Skin at base of horn : 6985 (’), 1^)4. 2 

Skin at border of nostril: 1^57. 1 

Multiple primary tumours: 9258(«) ( = 9963 (•) (perineum and ear), 

12455 (perineum and foot). 2 

Total Caprine . 20 

Totai. 21 

Melanin pigmented Tumours of Non-epithelial Type. (Mdanotic sarcoma, 
melanoma, melamblastoma). 

Equine (»)—2376, 2823, 2863, 2992, 3148, 3338, 3421, 3440, 3990, 4064, 4068, 

4854, 6095, 6969, 7748, 7951, 8530, 11319, 13601. 19 

Porcine —10365 (skin, leg), 12896 (skin). 2 

Canine —9802 ( = 8658--10278, skin—forc^arm, groin), 10132 (skin—^leg), 12846 

(skin—interdigital space), 15432, (eyelid), 15715 (interdigital space).. 5 

Totai. 26 


(^) With lymph-node metastascs. 

(^) With lymph-borne and blood-borne metastascs. 

(^) Tumour infected with actinomycosis. 

(*) 8amo subject had an embryonal epulis (sec mixeti tumours). 

(•) With pulmonary metastascs. 

{•) Wth lymph gland roetastases. 

(^) With lymph and blood-borne metastascs. 

(*) Many other such equine tumours were not kept as speoimens although found 
at autopsy. RegMding the site there was too often an insufficiently complete examination 
to Bp^ with certainty in many casos. But all are presumed to have been primary in the 
skin, that of the perineum and tail bemg well-known predilection sites. 
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APPENDIX C. 

Mixed Tumours. 

( 1 ) Teraiomaia. 

J^ovine—6048 (Ovary—dermoid). 1 

Atrion—9195 (testicle—tiidermio), 11866 (ovary—didermio). 2 

Total. 3 

(2) Teratoid or embryonal iumoura —“ Ftdae ** mixed tumoure, 

(а) Kidney—(embryonal nephroma—“ adenosarcoma **). 

E^^U'ine —3446» 5576. ...*.. 2 

JJowne—3310(1), 5548 ^ 5455 ^ 5207, 7093. 5 

Owne—3055, 3241. 2 

.At^ri^8405, 10682, 12143, 12628, 14189 (*), 15360, 16143. 1 

Total. 16 

( б ) Mammary gland (embryonal). 

Canine —6660 (=8516 =8549) (" ohondrooystadenocarcinoma *’), 13676 
(“ adenosarcoma ’'), 14605 (=15827) (** ohondroadenosarcoma **) 

15458 ('* chondro^onosareoma*’), 15758 ('* cliondroadenosar- 
coma’*). 6 

(c) Other organs. 

Bovine —See adrenal (malignant h^'pemephroma). 

Ovine —5382 (lung—“ leioinyo-lympho-adenoma.’*). 1 

Canine —7808 (i) (embryonal epulis: “oarcinosarcoma**). 1 

Total... 2 

(d) Site unknown. 

Canine .—2059 (embryonal tumour: “carcinosarcoma*’). 1 

(3) Vottmon Tumours, 

Caprine —6377 (perineum : collision of acanthoma and pigmented epithelioma) 1 

Avian —ISlW (ovary (*): collision of histiocj^io sarcoma and myelocytoma), 

10918 (*) site unknown (ditto). 2 

Total. 3 

‘ (4) True Mix^ Tummirs, 

Ovine —8187 (fibrolipoma)... 1 

Canine —14715 (myolipoma). 1 

Total. 2 

(5) Papilloma and “ Sarcoid **—mixed tumours of the skin (and mucesae). 

Equine —“ Sarcoid ” structure except where stated; 1695 (donkey), 2091 

(donkey), 2275, 2601, 3309 «(donkey), 4040 (mule), 4692 (=4835=5066 
=6263), 6179, 6289 (mule), 6363 (sarcomatous tendency? intranu¬ 
clear inclusions present), 6506 (=6740), 6813, 6973 (=7012—papilloma, 
with early acanthomatous tendency?), 7039 (donkey), 7727, 7838 (granu¬ 
lomatous type), 8093, 8117 (fibromatoid type of papilloma), 8461 (sarcoid 
type of paj^oma), 8986, 9340, 9655, 10056 (myxomatoid type), 10972, 

11303 (keloid type), 11562, 12088,12324, 12325 (fibromatoidtype), 12684, 

12629, 12650 (granulomatous type), 12891, 14115 (ftbromatoid type), 

14841 (mule), 15103, 15172 (mule), 15266, 15405, 15792 (hbromatoid 

typ®)* 15899 (fibromatoid type), 16077, 16220. 43 

Note.—^A ll are situated on the skin or at natural orifices (sheath. 


(*) Pulmonary mei^tases only submitted. 
(*) With transooeiomic implantatioiis o4 be 
(*) Transooeloimo implantations of only tbe r 
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CATALOGUE. 


Bovine —^Typical papillomata except where stated. 

Affecting skin or natural orifices: 3104 (sarcoid tendency), 4112, 4938, 
5564, 6728, 7840 (sarcoid tendency), 8922 (sarcoid tendency), 10952 
(sarcoid tendency), 11877 (sarcoid tendency), 14047 (sarcoid tendency), 

14248, 14836 (s= 14893) (papillomatous and sarcoid types). 

Affecting the forestomachs (omasum): 7400, 7456; (rumen) 8210.... 

Caprine —7(M)0 (skin, supraorbital region, papilloma). 

Porcine —7943 (glottis, multiple papillomata). 

Canine —(buccal papillomatosis): 14170, 14201, 14665 (osteoid papillomata).. 


12 

3 

1 

1 

3 


Total 


63 


So^ne Hyperplastic Lesions a]y}troaching Neoplastic Grade, or likely to he 

midaken for neoplasms,Q) 

Equine —9276 (pituitary : cystic degeneration), 9990 (stomach : localise 1 
chronic inflammatory adenomatoid hyperplasia), 13077 and 131(thyroid* 
nodular hyperplasia). 

Bovine —5316 and 5(530 (liver : congenital bile-duct cysts), (5472 (livc*r : localised 
hyperplasia of coTinective tissue and smooth muscle associated with a para¬ 
sitic nodule), 7919 (liver: diffuse adenomatoid hy|)crp]asia of the bile- 
dacts associatcxl with cirrhosis). 

Ovine —4432 and 10471 (duodenum: adenomatoid hyperplasia of Brunner’s 
glands). 

Caprme —9647 (=^9447) (thyroid: nodular hyperplasia). 

Canine —9379 (mammary gland : chronic *’ glandular ’* mastitis with cystic 
papilliform epitlieliai proliferation), 9518 (lymph-node: hyperplastic 
lympharlenitis), 12117 (skin: localisetiproductivedcrmatititrcharecterised 
by hyperkeratosis and sebaceous gland hypertrophy; cf. 10223^, 15049 
(liver : multiple adenomatoid hyperplasia: skin : niultiplc hair-follicle se¬ 
baceous gland hyperplasia; peritoneum: multiple new formation of. 
haemal nodes). 

Fowl —9319 and other cases (bowel serosa and mesentery : multiple cystic lymph¬ 
angiectasia), J(Ki38 and other cases (peritoneum: chronic productive 
peritonitis associated vdth ruptured ova, etc.}, 11869 (oviducal ligament ? : 
organisation and osteoplasia in a venous varicosity). 

(^) Non-neoplastio nodules of adrenal cortical tissue, many of which could not be described 
as hyperplastic, and of which there are a number of examples in the collection, have 
not lien included here. 
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INDEX 


Note.— The index of subjects and authors is combined. Joint authors are 
listed under the name of the senior author only. The index does not cover the 
information contained in the general summary, tlie bibliography, and the three 
appendices, the contents of which are already arranged for ease of reference. 


Acanthoma, dD-60. See also Adeno- 
acanthi) tm, 

adeuoides cysticum, 78 
collision with melanotic epithelioma. 
331, 348 

compared with sebaceous epithelioma, 
. 59-60 

confused with actinomycosis, 42 
excessively keratinised, 49-o7 
in <log. 47-49 
in fowl, 51, 53-57 
in horse, 43-44 
in goat, 57, o8-69 
in ox, 39, 40 

ill sheep, 4547, 49-51, 52, 57 
grading of, 60 
histogenesis, 57-60, 65 
histopathology, 42-60 
melanin-pigraontiition of, 43-44, 329 
metastasis, 40, 41 
mitotic index, 32, 43 
nucleolar-nuclear ratio, 43 
otHJurrence, 39 
of buccal mucosa, 47, 4ft 
of conjunctiva, 43, 45, 46 
of fronto-parietal region, 49-51, 52, 57 
of mammary skin, 42 
of omasum, 40-41 
of rumen, 40 
of stomach, 116 

osteoclasia and osteoplasia in, 45 
sites of, 3940, 42 
smear diagnosis, 33 

transition to sebaceous^ epithelioma. 
59-60 

Acanthocis, 44, 54, 55, 75, 83 
in sarcoids, 381, 382, 383, 385 
of hair-follicles, 4748 


Acocsiory adrenal nodules, 16, 335-336 

Actinomycoaia confused with acanthoma, 
42 

in contagious venereal tumour, 398-399, 
390 


Adami, 334 
Adamantinomai 243 
Adanoacanthoma, 128 

AdCfipcaroirtoma, 88-89, 345. See also 

Carcinoma, 

confused with embryonal nephroma, 
350, 351, 353 

Adenoid epithelioma, 67, 68-84 
in dog, summarised, 82 
in goat, 82-84 

Adenoma, 85-88. See also Adenoid 
epiiheViovia, Sehaccous epithelioma. 
cholangiocellular, 195 
confused with embryonal nephroma, 
350 IF. 

distinction from carcinoma, 16 
in fowls, 18 

distinction from hyperplasias. 81, 335 
fibrosum, 87-88 

hepatocellular, 163-171, 173-175 
mitotic index of, 32 
• of adrenal, 335-338 
of breast, male, 87-88 
of kidney, 85, 86, 87 
of pancreas, 86, 87 
of testicle, 87 

of thyroid, 19. 85, 86, 195-198 
sebaceous, 77, 78-82. 

Adenomatoid h.vf>erplasias, 85, 86. See 
also Nodular hyperplam and under 
Hyperplasia. 

Adenoearoomai 351, 352, 354, 355, Bee 
also Emhryoiud nephroma, Mixed 
tum<ywrs. 

Adrenal medulla, acceH.sory cortical 
nodules in, 335-')36 
tumours of, see Phaeochromoeytoma 
cortical tissue, accessory nodules of, 16, 
335-336 

nature of, 334 
tumours of, 334-338 

Afanaialeiir, 200 
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Aibrwmt, 291 

Aleiioaemia, lymphoid, 344. See also 
Leucosis, 

Allen, 29, 312 

Amitotic division in tumours, 30, 193, 
209, 253, 303 

Anaplasia, decreast* of, in secondaries, 
380 

Angioma, 280-291 

differential diaKiuisis from endothe¬ 
lioma, 289, 291, 296, 303, 319, 320 

Angioendothelioma, 285, 295. See also 
Kndothetioma, anglogenous, 

Angiogenous endotheliomn, 291-321 
tumours. 285-321 

Angioplasia, 292-293 

Aschoff, 220 

Avian, see Turheif, 

Badertscher, 200 

Bailey, 326 

Baltsell, 28 

Ball, 72 

Barth, 399 

Bartlett, 197 

Basal cell, 42-13, 61. 62-64, 05 
potentialities of, 178 

Basal-cell epithelioma, 61-67 
confused with adenoma, 19 
confused with contagious venereal 
tumour, 19 
definition, 61 
growth-rate, 65 

histogenesis, 65-66, 73, 78, 83-84, 108 
in cat, 58 
in dog, 61-67 

in goat, see (ioat, melanniic twmoun. 
in siieej), 62 
incidence. 61-02 

melanin-pigmentation of, 58, 61-67 
metastases, question of, 61 
mitotic index, 32 
parakeratin pearls in, 59, 63-64 
pathology, 62 ff. 
prickle-cells in, 61 
nucleolar-nuclear ratio, 64 
smear diagnosis, 33 

Bashferd and Murray, 11, 388 

Bsattl, 38 


Bsebe and Ewing, 388 

Begg, 17 
Ball, 200 
Bsrnadinii 287 
Bielchowsky, 410 
Blls-duot cysts, 17 

tumours, .see Cfiolangiocellular tu¬ 
mours. 

Bone-marrow, avian, myelocgtes of, 343 

Bonnet, 375 

Borst, 35, 89, 94, 196, 224, 250, 282, 285 

Bossert, 243 
Bovine, see Ox. 

Boyce, 54 
Bradley, 161 

Brain, glioma of, 323-328 

Breast, male, adenoma of, 87-88 
tumours, sec under Mammary gland, 

Broders, 60 

Bronchiogenoue i^aroinoma of hiug, 126- 
128 

Bronchiole, itivasion of, by hepato¬ 
cellular carcinoma, 154, 155 

Brown, 38, 49, 51 

V. Brum, 220 

Buccal mucosa, acanthoma of, 10, 47-48 
papillomatosis, 375 

Cancroid, see Acanthoma. 

Canine, see Dog. 

Caprine, see Goaf. 

Carcinoma, 88-134 

hasal-<‘cll, see Bastd-cell epithelioma, 
chol angiocell ular, 175-195 
compared with hepatocellular carci¬ 
noma, 193-195 
in dog, 187-193 
in ox, 175-187 
mitotic index of, 32 
colloid or mucoid, 122-123 
confused with alveolar sarcoma, 273, 
280, 281 

criteria of, 18-19 
cystic papilliform, 189-192 
definition, 37 

differentiation from adenoma, 16 
differentiation from sarcoma, with 
naked-eye, 279-280 
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Caroinoma (continued), 
hepatocellular, 176 

compared with cholangiocellular car¬ 
cinoma, 193-195 

confused with adenoma, 173-174 
fatty changes in, 156, 167, 158 
giant-cells in, 155, 157-158, 159 
mitotic index, 32 
nucleolar Iiyalinisation in, 5i3 
pigmented, 151. 
smear diagnosis, 33 
summarised, 149-16] 
in fowl, 160-163 
in ox, 137-151 
compared with sheep, 159 
summarised, 149-151 
in sheep, 27, 153-159 
in other species, 159 
in mammals, 114-134. See also under 
various species 
sites of, 114-116 
in poultry, 90-115 
distinction from sarcoma, 280 
in sheep, 89, 122-123, 124 
leiomyomatosuin, 92, 93-115 
medullare, 121, 131 
melanin-pigmented, 145, 151. See also 
Melanotic epithelioma. 
raetastases, see Mefastases. 
of adrenal, 334 
of ethmoidal mucosa, 131-134 
of genital tract, female avian, 93-113 
of heart, question of, 409-411 
of intestine of fowl, 90-93 
of sheep, 122-123, 124 
of kidney, see Embryonal nephroma 
of liver, 1J15-136, 137-163, 175-195. 

See also under cholangiocelhdar 
and hepafocellnlar, above, 
mitotic index of types compared, 32 
of lung of dog, 126-129 
of sheep, 128 

of mammary gland, 130, 353. See 
also under Mammary ylaiid. 
of ovary (avian), 93-96, 101, 105 
secondary, 106, 263 
of oviduct (avian), 93 ff. 
of pancreas, 123-126 
of pharynx, 114, 115 
of skin, see under Epithelioma, 
of stomach, 116-121 
of thymus, see Thymoma 
organ distribution, 114-115 
simplex, 186 

squamntts-(‘ell, see Aeaiifhoma, 
terminology, 88-89 
viride, 151 


Careinosareomai 134, 249. See also under 

Mixed tumours, Embryonal neph- 
rotna. 

Carrel and Ebeling, 249, 280 

Caspar, 11, 323 

Cat, basal-(‘ell epithelioma, 58 
chondrogenic sarcoma, 284 
melanotic epithelioma, 330 
sarcoma of oesophagus, 330 

Cavernous lymphangioma, 287 if. 

Cay lor and Schlotthauer, 329, 330, 331 
Cerebellum, glioma of, 326 
Cerebrum, glioma of, 324-326 

Chevaeeu, 131 
Cboleeteatoma, 375 

Cholantiooellular tumours, benign, 195 
malignant, see under Carcinoma 

Chondrogenic sarcoma, 284 

Chondroma, 241 

Chondroearoomatoue structure of meta- 
stasos of mixecl-<*elled sarcoma, 267- 
271, 281 

Cilia in coelumic lining cells, 220, 232, 233 

Claeeifioation, see Termnwlogy. 
of endothelial tumours, 285-286, 291- 
292 

of epithelial Uunours. 37-38 
of liver, 135-136 
problems of, 12 

Coelomio lining cells, ciliation of, 220 
origin of, 220-221, 291 
lumina among, 220-221 
mobilisation of, 220 
tumours of, see Mesothelioma, 

Collagen deposited in pearls, 362, 364 
site of formation of, 28-29, 253, 255, 
272, 273, 274, 275, 281 

Collateral hyperplasia, 45, 54, 57-60, 107- 
108 

of gastric mucosa, 118 
of germinal epithelium, 274 
of pancreas, 104-106, 107-108 
of peritoneum, 183, 184, 186-187 
of pleura, 240 

of sebaceous glands. 58, 59-60, 101 
of vascular endothelium, 264 

Collision tumours, 265-271, 331, 341, 343, 
348, 349 
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Contunotiva, acanthoma of, 43-45 
melanotic epithelioma of, 330-331 

Contagioua tumours of buccal mucosa, 
375 

of ethmoidal mucosa, 132 
of skin, 375 if 

venereal tumour of dogs, 387-399, 409- 
413 

actinomycotic infection of. 808 
anaplasia in, 413 
hitc-wouiid, growth in, 30G 
cytology, 393, 395, 399 
differentiation from basal-ccll epi' 
thelioma, 393 

extragenital occurrence, 390, 393, 

397, 398 

general consideralions, 387 
heart-base tumour, derivation from, 
411-412 

mitotic index, 32, 409 
occurrence, 390 
pathlolgical anatomy, 390 
neuroblastoma, identified with. 411 
summary, 399 

Continuity ns evidence of histogenesis, 13 
of histogenesis of mesothelioma, 228, 
270' 

of neoplastic with non-neoplastic tis¬ 
sues, 54, 55, (iO, (io, 97. 104, 10()- 
lOS, 240 

Conversion theory of growth of cancer, 
57, 60. 97, 107, 108 

Corpora amylacea, 228, 229 

Corner, 312 
Cornil, 357 

Cornu cutuneum, 38, 39 

malignant type of, 49, 54 . 57 

Cramer, 11 
Cureon, 241 
Cylindroma, 224, 229 
Cyatadenoma, 350, 351 

Cyitio Brunner's glands, 17 
conditions, 17. See also Cysf^. 
degeneration of pituitary. 17 
lymphangiectasia, 17 

Cysts in adenoid epithelioma, 74, 81 
in lymphangioma, 290 
in thymoma, 204, 205 
of sweat glands, 82-83 
of thyroid, 196 


Cytophagooytoeie, 257, 258, 260, 261, 262, 
278, 280 

DanohakofT, 200, 346 
Carrier and Ferrand, 331 

Dawes, 323 

Day, 349 

De Kook and Fourie, 40, 144, 145, 147 

I Denil, 105 

I Dermoid of ovary, 373 

' Diagnosis of tumours, 12 
I problems of, 15-20 
in fowls, 17 

Division-time of cells, 30 

Dog, a (xanthoma, 47-49 
incidence of, 30 
sites of. 40 

adenoid epithelioma, 67-82 
adenoma of male breast, 87-88 
carcinoma eholangiocellulare, 187-193 
heputocellulare, 160 
of lung, 126-129 

of mammary?' gland, 130, 353. See 
also under mtjrxd tumours^ be¬ 
low. 

of testicle, 130-131 

contagious buccal papillomato^iis, 375, 
376 

contagious (venereal) tumour, 387-413 
embrj’onal epulis. .‘357-368 
endothelioma, 314-317 
fibroma. 241 
haemangioma. 286 

heart-base tumour, 23, 24, 25, 26. 389, 
399-413 

Icioiuyoliporna. 373 
leiomyosarcoma, 334 
lymphoid aleiicnemia, 344 
melanoma, 3;10-331 

mixed tumours, 373, 348. See also 
Kmbnfoiuil eimlis, Leiomyolu 
ponm, above. 

of mammary gland, 116, .8.53-357, 
362 

nodular hyperplasia of liver, 171-172, 
174-175 

1 sarcoma, 248, 284 
thymoma, 201 

Dolijanski and Koulet, 28 
Donkey, sarcoids of, 378-380 

Dorrwaehter, 323 
Oot-and-oirole graticule, 33-35 
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Oouville, 234 

Downham and Crompton, 33 

Dupas, 72 

Dural endothelioma, 286, 291 

Dustin, 200 

Ear, cornu cutaneum of, 38, 39 
retention ovsts of sweat glands of, 82- 
83 

Egg-yolk in peritoneum, 17 
Elephantiasis neuromatosa, 24n 

Ehrenreioh, 90 

and Michael is, 90 

Ellonbergsr and Duum, 70 
Ellermann, 340 
Elwyn and Strung, 37 

Embryonal epulis, 357-368 
nephroma, 349-353 

('.oliagen, intracytoplasmic deposi¬ 
tion of, in, 29. See also under 
Collauen. 
diagnosis of, 19 
histogenesis, 347 

relation to adenoma of kidney, 85. 
86, 87 

tumours, see under Mixed tumours. 

Embryonic origin of thyroid adenoma, 
198 

reversion of tumour cells, theory of, 
163 

Encapsulation of liver tumours, 173 
of myxoma, 284 
of thymoma, 218 
of thyroid tumours, 195-196 

Endothelial oells, transformation into 
fibroblasts, 30, 300, 302, 312, 314- 
316. See also under Jtcticuluiv, 

Endothelium, collateral hyperplasia of, 
264 

tumours of, sec Endotheliom,a, Angio¬ 
ma, Mesothelioma, 

Endothelioma, 285-286, 291-321 
angiogenous, 291-321 
confused with heart-base tumours, 408 
with mesothelioma, 221, 226, 228, 
229-231, 234 

with thymoma, 201, 205, 218 
differential diagnosis from sarcoma, 
248 

dural, 286, 291 
haemangiogenous, 293^314 


Endothelioma (continued), 
in dog, 314-317 
in fowls, question of, 17 
in horse, 293 
in mule, 293, 303-305 
in ox, 298-303, 317-319, 320-321 
in sheep, 306-314 

intercellular fibrils in, 28, 29-30, 312 
lymphangiogenous, 314-321 
of peritoneum, 317-319, 320 
relation to leucoses of fowls, 346 
solid, 28, 292, 302, 305 , 306 
terminology, 285-286, 289, 291-293 
transformation of cells of, into libro- 
blusts, 30, m, 302, 312, 314-310 
transmissible, 17 

Engert, 291 

Eosinophllos, maturntiuji of avian, 343 
origin of in thymus, 209-210, 218 

Epicardium, developnuuit of heart-base 
tumours beneath, 410 
Tuetustasis of sarcoma to, 266 if. 

Epithelioma, 38, 39-84. See also Acan¬ 
thoma, 

adenoid, 68-82 
terminology, 71 
adenoides cysticum, 77, 78 
basal-cell, see Jkisal-cell (pithelioma. 
melanotic, see Melanin-pig merited tu¬ 
mours. 

Epithelial tumours, 37-198 
classification, 37-38 
glandular, 85-198. See also Adenoid 
epithelioma, 
of liver, 135-195 
of skin, see Epithelioma. 
of thyroid, 195-198 
squamous, 38-84 

Epithelium, definition, 37, 220, 334 

EputfS, embryonal, 357-368. 

EpUtno, see Horse, Mule, Donkey. 

Erythropoloi’if in spleen, 310 

Erythrolouooeis, 340, 343, 346 

Ethmoidal mucosa, tumours of, 131*134 

Ewing, 20, 61, 88, 128, 131, 201, 219, 
229, 248, 291, 304, 311, 363, 354, 
355, 367, 368, 411 

Falao mixed neoplasms, 346^47, 348. 355, 
368 
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Fatty changes in hepatocollular carci¬ 
noma, J5G, 157, 158 
in hypernephroma, 337 
infarcts ” in liver, 106 

Feather-follicle, acanlhosis of, 54, 55 

Feldman, 6 , 11, 17, 61, 62, 71, 90, 114, 

122, 137, 201, 221, 228, 231. 234, 

286, 287, 337, ;M9, 350, 361, 388, 

389, 393 
and Olson, 340 

Feline, sec Cat. 

Fell, 274 

Fibroblast, relation to inacruphage, 280- 
282 

Fibrils, SCO Reticulum. 
neuroglia, 323, 325, 326, 327 , 328 
produced by anomalous cells of mam¬ 
mary tumours, 355 

FIbro-apithelial tumours, 375 

Fibroid, 332-:i33 

FibroHpoma, 372 

Fibroma, 241 

differentiation from sarcoid, 16 

Fibroplaetio sarcoma. 246, 247-250 
differ(*ntiatioii from fibroma, 241 
from granuloma, 16, 382 
fn»ni sarcoiti, 16, 218 

Fischer, 2S0 

Fixation of tumonr specitneiis. 32 

Foam-cells, 234, 253, 257, 261. 272. 275, 

280 

Folger, 287 

Foot, 312 

Fourie and Ziehn, 341 

Fowl, acanthoma, 39, 40, 51-57 
carcinoma, 89-111. 115 
hopatoccllulare, 160-163 
bone-marrow, myelocytes, of, 343 
embryonal nephroma, 11^50-351 
endothelioma, question of, 17 
glioma, 323-328 
leiomyoma, 332-334 
leucoses, 340-343 
lipoma^ 241 

liver, structure of, 160-161 
lyniphaiigieotasia of gerosae, 285 
l.viuphocytoma, 33, 274-275, 340-342 
melanotic tumours, 329 
misced-eieiled sarei^tKia, 250-282 
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Fowl (continued), 
myelocytes, of, 343 

inyelocytoma, 18. 265-271, 340, 341, 
343, 344 

niyxogenic sarcoma, 283 
myxoma, 241 

neurofibromatosis, 244-246 
osteochondroma, 243 
sarcoma. 249, 250-282, 283 
teratoma, 373, 374 

Fox, 241, 323, 328 

Fraser, 292 
Frenkel, 159 
Fujinami, 11 

Furth, 17, 340 

and Stubbs, .340 

Gaucher’s clbease, 311, 312 

Germinal efnthelium. proliferation of, 274 

Geschickter, 334 

Giant-cells in liepatocelJular carcinoma. 
155, 157-158, ^59 

1 in mixed-celled .sanoma, 251, 253, 258, 
260, 261 

I Glioma, 323-<328 

1 

Gliosarcoma, 323, 328 

Goat, acantlioimi, 57-60 
iii(‘ideuce, 39 

combined with sebaceous epitlie- 
lionia, 60 

j site of predih*ctiou, 40 
I adenoid epithelioma, 83-84 

i goitre in, 215, 217 

leiomyoma, multiple, 334 
melanotic tumours, 64, 83-84, 329-.332 
' thymoma. 202, 215-217 

Grand, (.'hambeis and Cameron, 330 

Granuloma, ditierentiation from .sarcoid. 
16, 382 

in fowls, 17, 18 

Gratia, 323 

Graticule, dnt-and-circle, 33, 34 

Gray, 278 

Grossek, 219, 220, 221 

Growth-rate of tumours, 30-32. See also 
Mitotic index. 
of basal-cell epithelioma. 65 
of liver tumours, 192-198 
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Qimii acanthoma of, 47-48 
embryonal epulis pf, 357-368 
exostoses, 242 
osteoid osteoma, 242-243 

Haddow, 249, 280 

Haemangioma, 286 

Haemangioendothelioma, 295. See also 
Maemanglogenous endothelicma. 
simulated by carcinoma, 190-191, 193 

Haemangiogenoue endothelioma, 293-314 

Hair-follioles, acanthosis of, 47-48 
as source of basal-cell epithelioma, 65 

Hammar, 200 

Hamdi, 66 

V. Hansemann, 89 

Hateall'l corpuscles, 200, 204. 205, 209, 
212-213, 216, 218 

Haythorn, 43, 65, 66, 106, 107, 108 

Heart, carcinoma, question of, 409-411 
endothelioma, 298-303 
lymphosarcoma, 299-400 
neurofibroma, 243 

tumours, regional classification of, 410 
valve, endothelioma of, 202-203 

Heart-baee tumours, 390, 399-413 

as original source of the contagious 
venereal tumour, 411-412 
cells compared with iieuroblnsts of 
foetal heart-hase, 410 
comparison with contagious venereal 
tumour, 409, 412 
confused with endothelioma, 408 
differential diagnosis from thymoma. 

201, 218 

metastasis, 26, 405-407 
mitotic index, 409 
nature and relationship, 409-413 
nucleolar enlargement in, 406 
nucleolar hyalinisation in, * 23, 24, 

25, 26, 406-407 

situation beneath epicardiuni. 410 
symptomatology, 413 
summary, 412-413 

Henke, 250 

Hepatoeellular tumours, see Adenoma, 
Carcinoma, and 24t;er. 

Hepatoma, 136, 311. See also Qa/rcinoma, 
hepatocellular. 

Harxiialmar, 135, 136 

Htleropfaatle differentiation of oeUe, 346 

(4B0 


Hieronymi, 61, 62, 64, 66, 287 

Histiooytee of haemopoietic tissues, termi¬ 
nology, 192 

neoplastic, 249. See also Macrophage. 
Histiocytic sarcoma. 

Hiitiocytic sarcoma, 255. Bee also ISar» 
coma, mixed-cclled. 
differentiation from granuloma, 17 
intraeytoplasinic deposition of colla¬ 
gen in, 29 

nature of cells, 263, 280-282 
Hodgkin’s disease, 312, 347 
Homoplastic differentiation of cells, 346^ 
Hoogland, 1,35, 136. 137, 159. 160, 193 

Horse, acanthoma, 39, 40, 43-45 
ndenornn of thyroid, 85 
carcinoma of stomach, 116-122 
cholesteatoma, 275 
chondroma, 341 

embryoiipl ne])liroma, 350, 362. 

353 

endothelioma, 293 

gastric carcinoma, see larvinoma of 
stoma eh. above, 
hyjiernepli roma, 337-3e38 
lipoma, 241 

lymphangioma, 287-289 
melanotic tumours, 329, 330 
mesothel i om a, 231-340 
osteoma. 242-243 
papilloma, 378 
phaeo(*hroinocytoma, 338 
sarcoid, 248, 378-384 
sarcoma, 16, 248 
thyroid tumours, 197-198 

Huguenin, 197 

Hyperkeratoeif of nasal region of bovines. 
39 

of acanthoma, see Acanthoma, exces¬ 
sively keratinised. 
Buprafolliculoruni, 75, 78, 83 

Hypernephroma, 135, 334-338 
nucleolar hyalinisation in, 23 

Hyparplasia, see also Collateral hyper^ 
plasia. Adenomatoid hyperplasia. 

collateral, see Collateral hyperplasia. 
contrasted with neoplasia. 345 
differentiation from neoplasia, 16 ff. 
of adrenal cortex, 335 
of Brunner’s glands, 85, 66 
of hepatic retimilo-endothelium, 307,.. 
308, 310, 3X1-312 

of intestine, adenemateid, 8^ 86 
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Hyperplasia (continued), 
of liver, noduliir, 16, 146-147, 163, 166- 
172, 173-17.5 
of pericardium, 231-232 
of sebaceous glands, 72-73, 75, 78-82 
of stroma of tumours, 345 
of thyroid, 105-197 

Hypertrophy of Uv«>r, pecudiar local, 173 
of oesophagus, 405, 407-408 
of palpebral gland, 44 
of sebaceous glands, 78-82 

Implantation, metastasis by, see Meta- 
stasi s, intrt sroelom ic. 

Inoidenoe of tumours, organ, summarised, 
430-433 

species, summarised, 416-417, 429 
see also under various tumours. 

Inclusions, cytoplasmu' (bird's-eye), 407 
collagenous, 28-29 

intranuclear, development of, 23. 25. 
262, 4<K)-407 

111 carcinoma cholaiigiocellulare, 26, 
184 

in carcinoma ho|iatoc<41ulure. 153. 

155, 157, 159, 162, 163 
in carcinoma of lung, 128 
in heart-base tumours of dog, 23, 24. 

25, 26, 406-407 
in hypcrnepliroina. .'1*18 
in neurofibroma, 243 
in sarcoid, 382 

in sarcoma, mixed-celled, 262, 277 
in thymoma. 209, 211 
largest encountered, 128 
relation to hyaliiiised nucleoli, 23, 
25, 262, 406-407 

Intsrosllular matrix, 27-28. See also 
Collagen, lieticulum, 

in endothelioma, 295 

Intestine, adenomatoid hyperplasia, 83, 
84 

carcinoma, in fowl, 90-93 
in sheep, 122-24 

stenosis due to carcinoma, 122, 123 
due to implantation metastasis, 92, 
93 

Intracsilulsr inclusions, see und^ /n- 
clumns. See also Thagocytosis, 
production of i^ollagen. 28-29 

fntral^phatis spread of mesothelioma, 
282-223, 225, 226, 227, 229, 280, 237- 
240, 319, 321 

daagaiektSi 128, 372 


ilaekaon, 192 

daffe and Plowska, 200 

damet, William, 12 

doeat, 6, 11, 71, 93, 116, 195, 201, 243, 
291, 295, 323, 375, 400 

and Ernesti, 11, 17 , 90. 93, 114, 136, 
1.37, 162. 323. 341 

dohne, 137, 159 

dOFdan and Horsley, 200 

Keratinisation, see also Acanthoma, 
Ilyperkeratosia . l^earU. 

exce.sKi\'e, in aijantlioma, 49-.57 
in basal-eell epithelioma, 59. See also 
under BasnUcell epithelioma. 
in carcinoma of lung, 128, 129 
in embryonal epulis, 361, 362, 363,. 
.164 

in sebnceoiis glands, .58-59, 64. 66 
in transitional cell carcinoma, 133, 
1.34 

of osteoblastic tells, 364 

Kidneyi adenoma, 85, 86, 87 

embryonal tumours of, 349-353. See 
asol Embryonal nephroma. 

Kingsley, 349 

KItt, 11. 196, 410 

Kretz, Ill 
Krompecher, 65, 78 
Kuntz, 410 

Kupffer cells, tumour arising from, see 
reticulo-endolhelioma. 
hyperplasia of, 310 

Lelomyolipoma, 373 

Leiomyoma, 95, 96, 332-334, 346 
hacmaiiginmatosum. 332, 334, 373-374 
malignant, 334 

Lelomyoearooma, 334 

Leiomyomatoiil moiety of carcinoma 
leiomyomatosum. 

Leucaemia, 34.3, See also Leucosis, 
Aleuraemia. 

Leueoale, 340-343 

Lewis, 28, 255 

LIpaemia, 269, 407, 408 

Llpogenio sarcoma, 250 

distinction from lipophagocytosing 
sarcoma, 282 
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Lipoma, 241. See <\lso Leiomyolipoma. 
embryonal, 250 
fibrosum, 372 

Lipophagy, 17, 250, 256, 257, 258, 260, 
261, 263, 280, 282 

Liver, adenoma, 163-175 
adenomatid li.vperpla.sia. 16, 146-147, 
166-172, 173-175 

benign proliferative processes, 163-176 
cellular carcinoma, 161 
of the fowl, 160-161 
of the pig, 169 

carcinoma, see (Uircinomu of liver, 
cirrhosis, in reticulo-endothelioma, 210 
relation to carcinoma, 161 
cyanotic atrophy, in heart-base tu¬ 
mours, 407, 408 
endothelioma, 306-314 
epithelial tumours of, 135-196 
classification, 135 

criteria of malignancy, 135-136, 140, 
147, 149, 161 

discrimination of two types, 193-195 
local metastasis of, 148, 149, 194 
occurrence, 36 
fatty infarcts, 105 

hyperplasias, see {(hitomotoid hyper- 
plasia, above. i 

invasicai of by myelocytoma, 265. 270 j 
by lymphocytoma, 341. 342 i 

by eholangioceilulur carcinoma, 195 
luetastases, of acanthoma, 40, 41 
of gastric carcinoma, 121, 122 
of glioma, 323, 328 
of pancreatic cnrfjiuonia, 126 
of sarcoma, 265-256, 279 
by implantation, 259, 265, 266 ' 

nodular hyperplasia, see Athnomatoid * 
hyperplado, above. ‘ 

of fowl, histology and cytology, 160- ; 
161 . ^ I 

of pig, cytology of, 169 i 

telangiectasia, 2*^5, 286 i 

Lumina in endothelioma. 292, d01« «S04, 
306, 313 : 

in hepatocellular carcinoma of bovines, 
151 

of fowls, 161 I 

in liver tumours, 194 | 

in lymphangioma, 287-289 
in mesothelioma, 223^ 224, 227, 232 ! 

in mesothelium, proliferating, 220-221 ’ 

mm, ftclniur growth of metastasee in. | 
364-367, 371, 372 * ] 


Lung (continued), 
adenoacanthoma, 128 
alveolar lining of, 372 
atrophy of, due to thymoma, 211-212 
carcinoma, 126-129 
lymphocytoma, 341, 342 
metastases of carcinoma cholangioccllu- 
lare, 192-193 

of carcinoma, hepatocellulare, 153, 
154, 155 

of embryonal epulis, 358, 364 
of heart-base tumour, 405, 407 
of mixed tumour of breast, sarcoma¬ 
tous, 248-249 

mixed tumour of, in sheep, 368-372 
passage of emboli through, 271 

Lymphahgiectatia of serosae, 285 
Lymphangioganous eudotholioma, 314-321 

Lymphangioma, 286-291, 319, 320 
nucleolar-nuclear ratio in, 35 

Lymphocytes, thymii*. see Thffmovytes, 

Lymphocytoma, 340-314 
Lympho-sndothelloma, 347 
Lympho-spithslioma, 201, 206. 347 

Lymphoid nleucaomia. 344 
leucosis, 340-342 

coexistent witli sarcoma. 274-275 
distinction from h.vjierplasias, 17 
smear diagnosis, 33 
tissue*, tumours composed of, 340-344 

Lymphosarcoma, 340-341. 344. 388, 393. 
390 

of thymus, 200, 201 

MaoCalhim, 250 
MaeCarty, 20 

unci IJammeder, 20, 33, 35 . 218 

Macrophage, 234, 246. 249. 257. 275, 280- 
282. Sec also J^oam-wH, Histiocyte, 
Lipophnyy, 

Magnutson, 132, 399 

Malignancy, assessment and definition, 18 
considered as leversion to embryonic 
conditions, 163 
mitoses as criterion of, 31 
morphological criteria of, 35, 151, 196. 
292-298 

in adenoid epithelioma, 71 
in endothelial tumouraf, 292 t 298, 296 
in hepatocellular tumours, 159, 174 
in myxogenie tumours, 284 
in phaeochromocytohra, 38^1 
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Malk«, 250, 841 
Malip 2H, 255 

Mallory, 05, 220, 240, 250 
T. B., 854 

Mammary adenoma of male <log, 87-HK 
cnroinoma in mule. 180 
luinourM, classifieution, 110 
nietastases of, 248-240 
mixed, 848 

Marohandp Petit and Peeard. 828 
Margolitp 100, 200 , 200 
Markus, 2H7. 280 
Marras, 105 
Martinaglia, 80 
Mathsws, 810. 850 

MatriOSS, nitereelluhii, 27-80, See also 
('nihtfjvn, FfhriU, ift^ttculum. 

Maximow, 28, 80. 87, 200, 220, 221. 201 

Modwedew, 2S7 

Melanm-pigmeutatiou of aeanUiomu, 48-44 
ol Oasal-cell epithelioma, 58 
'pijiiiierited tumours, 828-882 
terminology, 44, 104 

Mslanoblatt, 880 

Melanoma, 828-881 
tr-rmiiiolojiy, 44, 104 

Melanophore, m) 

Melanotic epithelioma, 0-1, 83-84, 829-^i82 
(‘oliision with acanthoma, 84B 

Membrana uictitans, acanthoma of, 48-45. 
See aKo iUnifUiwiivu, 
hyperplu'.ia of, 44-45 

MoningeSi eudothelioma of, 286, 201 
lipoma, congenital, 241 
osteochondroma, 248 
psammoma, 291 

resistance of, to invasion of tumours, 
47, 61 

.'sarcoma, 291 

Mgeenteryi see i*r.i‘it 0 Heum, Omentum, 

Moiotliolioma, 210-240 

(^onfuHion witli secondary tumours of 
serosae, 186-187. 262. 319 
^u‘th endothelioma, 221, 226, 228, 229- 
281, 234 

with thymoma, 201, 218, 228 


Mesothelioma (continued), 
definition, 219 

differential diagnosis, 229, 319, 320 
in hovines, 221, 222-281 
.summarised, 228-321 
in eqnines, 221, 231-240 
ill man. 221 
pathology, 221-240 
pericardial, 231-284 
peritoneal, 221-231 
pleural. 284-240 

of omentum, .see pnitoneal, above. 

Metapiatia, in stroma of tumours, 345 
production of hone in tumours by, 354 
mycloi<l, in mixed tumour of lung, 372 

Metastaeie of acanthoma, 40. 41 
of adenoid epithelioma, 72 
of hasal-cell epithelioma, question of, 
(51, .881 

of carcinoma cholangiocelliilaro, 180- 
187. 190. 192-193, 194 
of carcinoma hepatocelliilare, intrahe- 
patic, 148, 149, 159, 194 
extrahepatief 158, 1.54, 155, 159 
of carcinoma in birds, 18, 19, 93, 104 
of carcinonui of pancreas, 126 
of <*arcinoina of stomach, 119-122 
of embryonal epulis, 858, 364-867 
of embryonal nephroma, t‘150, J151 
of lieart-ba.se tumour to lung, 405, 107 
of hypernephroma, 338 
sarcomatous structure of. 8.34 
of glioma, 823, 328 
of melanotic epithelioma, 331 
of mesoth(‘lioma, 228, 237-240, 279-280 
of mixed-celled sarcoma, to epicar- 
dium, 226 ff. 
to liver, 255-256, 279 
to spleen. 251, 253-255 
of myelocytoma, 266 ff. 
of thyiiioina, 207, 208 
sarcomatous, of hypernephroma, 334 
of mixed mammary tumours, 248- 
249, 354, 356 

selective, of mixed tumours, 249, 354, 
350 

transcoelomic, of carcinoma in fowl, 
90, 92. 93 

naked-eye distinction from sar¬ 
coma, 280 

of carcinoma hepatocellulare, 159 
of carcinoma leiomyomatosum in 
fowl, 95-96, 96-106 
of carcinoma of stomach in horse, 
121 
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Metastasit (continued). 

of mixed*celled sarcoma, 256, 258, 
259 ff., 279-280 
of myelocytoina, 265, 266, 271 
of tliymoina, 207, 208 

Matatarsua, acanthoma of, in fowls, 51, 
53-57 

Mitoaiiy abnormal, in mixed-cel led sar¬ 
coma, 278 

in contagious tumour of dog, 395 

Mitotic index, 30-^2 
in acanthoma, 43 
in adenoma liepotocellulnre, 174 
in basal-cell epitiielioma, 64 
in benign tumours, 31 
in carcinoma cholangiocellularc, 192 
hepatocellulare, 32 
of genital tiact, avian, 113 
of intestine, 123 
of stomach, 118 
transitional-cell, 133 
ill contagious buccal papillomatosis, 
31, 375 

venereal tumour, 32, 409 
in embryonal nephroma, 351 
in endothelioma, 301, 317, 319 
in heart-base tumours of dog, 409 
in mesothelioma, 238 
in sarcoma, niixed-celled, 279 
in thymoma, 216 
table, 31 

technique of determining, 35-36 

Mixed neoplasms, 345-385. See also 
Collision tumours. 
definition, 345 

metastasis of, selective, 249, 354, 356 
of adrenal cortex, 338 
of gum, 116. See also Embryomil 
epulis. 

of kidney, see Embryonal nephro-mn. 
of mammarj gland, 116, 353-357 
of lung, 368-372. See also Adenoacan- 
thoma, ' * 

of skin and mucosae, 375-385 
terminology and pathogenesis, 94-97, 
113, 116, 346 ft., 373-375 

Mixad-OCIM sarcoma, 246, 249, 250-282 
chondrosarcomatous transform n ti on 

in metastases of, 267-271 
collision with myelocytoina, 265-271 
confused with carcinoma, 279-280, 
281 

metastases of, 279, 281 
myxomatous transformation of, 274 
nature of, discussion of, 279-282 
nucleolar-nuclear ratio in, 22, 23 


Monkeberg, 231 

Mute, ear(‘inomn of udder, 130 
carcinosis, so(!Oiidary, of mesentery, 
230 

endothelioma of ovary, 293 
of thigh, 303-305 
lynipJiangiama, 287 
in3^xoma, 241 
sar(*oids, 378 



Muscle, tumours of, ;i32-334. See also 
Carein umn leiomyomafosum. 

Myelocytes in mixed tumour of lung, 369. 
370 

in thymoma, 209-210 
of bird, 265. 343 


Myelocytoina, 340, 341, 313, 344 
collision with sarcoma. 265-271 
distinction t'rojn granuloma. 18 
metastases to heart. 266 ff. 
trancaelomi(‘ metastasis, 265. 266, 271 

Myeloid leucosis, 340, 3'il, 343. See also 
Myelocytes of bird, Myclocyttnna. 

Myolipoma, see Leiomyolipoma. 

Myxogonio sarcoma, 283-284 

dilTerential diagnosis from nivxoina. 

283-284, 293 

Myxoma, 241 

differential diagnosis from myxogmiic 
sarcoma, 283-284, 293 

Myxomatous translormation of endo- 
tbelioma, 303 
of sarcoma, 274 

Nathan, 201 

Neoplastic and uon-iioopJastic lesions 
compared, 16-18 

Nephroma, enihrypual See Embryondl 
nephroma. 

Neuroblastoma, identiffcation of heart- 
base tumour end venereal tumour of 
dogs, with, 411 

Nouroblaete of heart-base, appearance of, 
410 

Neurofibroma, 243-246 
nucleolar hyalinisatirm, 23, 243 
micleolar-nuclear ratio, 35 

Netiregliai see under Fibrils, 

Neurolyfidiliomatoeiei smear diagnosis of. 


454 





INDEX. 


Nictitating nieinbnine, aeanthoma of. 
4.‘M5 

hyperplasia of, 44-45 
Nilci, 331 
Nooard, 287 

Nodular hyperplasia of adrenal, 335-33G 
of liver, IG. 146-147, 163, 166-172, 
173-175 

of thyroid, 1(5, 195-197 

Nomenclature, 13-15. Sec* also (Classifica¬ 
tion, Termiiiolo(j}/. 

Novincki, 388 

Nucleolar-nuclear ratio, 22-23, 174 
in aeanthoma, 43 

in adenoma liepattK-ellulare, /15, 165. 
167, 170, 173 

in udcMiomutoid hyperplasia, 109 
in hasal-eell epithelioma, 394 
111 hile-duet epitheliimi. 176, 187 
in eareinoma eholan^icioeellulare. 184 
hepatoeelliilare, 159, 162 
in hovines, 151. 155 
in ovint^s, 155, 157 
of intestine, 123 
of panereas, 125 
ot pharynx of fovl, 114 
of ti'stiele. 131 

in eonta^j^ious \eiiereal tiinionr, 392. 

393, 394, 395, 398 
in (•ndothelioina, 295, 2fH), 300, 303. 

301. 311, 319, 321 
in heart-ha.se tumour ol dojjs, 406 
111 glioma, 32t5 

in liver cells. 111. 145. 151, 157, 165 
ot fowl. 162 
of piji, 169 

in lymphangioma, 35, 289, 291 
in mesothelioma, 22, 224 , 228, 229. 
236 

in mixed-cel led sanoma, 22, 278 
in neurofil)roma, 35 
ill pancreatic cells, 125 
in pharyngeal epithelium, 114 
in thymoma, 22, 209, 216 
technique of measurement. .‘111-35 

Nucleolus, function of, 25 
in tumoui cells, 20-27 
enlargement in malignancy, 20-21, 
35, 43, 262, 279, 406. See ahso 
A* uclcohir-)i udvnr ratio, 
hvalinosis. 23, 24, 25 , 26. 27, 35, 
262, 406-4tt7 

shape, changes in, 22, 23, 257. 260, 
262, 277 , 279, 303, 308 
vacuolatiou of, see hyalinosis (above) 
and Inclusions, intranuclear. 


Oertel, 15, 240 

Oesophagus, liypertrophy of, 406, 407-408 
sarcoma, 250, 251, 276-278 
tumours of, 278 

Omasum, acanthoma, 40-41 

Omentum, mesothelioma, 221-231 

Onderetepoort collection of neoplasms, 6, 
11. 418 

catalogue of, 434-443 

Osteocarcinoma, 47, 48-49. See also 
Ostcoplasia. 

Osteoclasia in tumours, 45, 46, 48 

Osteochondroma, 243 
Osteogenic sai'i oma, 284 
Osteoma, 242-213 

I Osteoptasia, 45, 16-49, 354 
in embryonal epulis, 359-363 

Ostrich blood, myelocytes in. 343 

I Ovary, carcinoma of. 93-96 
I secondary, ltd, 105, 106, 263 
I ciidothclionii^,,, 293 

fibroid. 332 
leiomyoma, .332 

mixed-cellcd sarionia, 258-275, 279 
myelocytonia, 341, 343 
rnyxogeiiic i»arcoma. 283 
stroma of, 94-95, 96 
teratoma, 373, 374 

tumours ol. primary or secondary 
nature of, 263 

Oviducal ligament, leiomyoma, 286 
venous varii'osity of. 286 

Oviduct, carcinoma, 93-114 
Ovine, see •S/icrp. 

Ox, acanthoma, 39, 40 
adenoma liepatocellularc, 163-165 
adenoma of kidney, 87 
of pain rea*s, 80, 87 
of testicle, 87 

adenomatoid hyperplasia of liver, 146- 
147 

carcinoma cholangioccllulare, 175-187 
hepatoc<‘lluiare. 137-151 
compared with C. hepatoeelliilare 
in sheep, 159 
summarised, 149 
transitional coll, 131-134 
clmndroma. 241 
congenital cystic liver, 195 
lymphangioma, 286 
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Ox (continued), 
cornu cutaneum, SB 
dermoid. 87.^ 

embryonal nephroma, 2150 
endothelioma, 298-;K)3, 2117-319, 320-2121 
hypernephroma, 2217-239, 83B-339 
hyperkeratosis of nasal re^^ion, 219 
lipoma, 241 

lirer, congenital oysti^, 195 
telangiectasia, 385-386 
tumours. See adenoma^ carcinoma, 
above. 

malignant, comparison of types, 
193-195 

lymphangioma, 287, 290-291 
lymphosarcoma, 344 
mesothelioma, 221-2211 
summarised, 228 

mixed tumour of adrenal cortex, 338. 
339 

myxogenic sarcoma, 283 
neurofibroma, 243 
nucleolar-nuclear ratio, 35 
papillomatosis, 375, 377, 378, 384 
phaeochromocytoma, 338-339 
serosal carcinosis, 181-187 
telangiectasia of liver, 285, 286 
thymoma, 202-211 

Palpebral gland, hypertrophy, 44 
Panoraat, adenoma of, 86, 87 
carcinoma of, 108, 1221-12G 
invasion of by carcinoma, 104-106, 107- 
108 

by myelocytoma, 266 
by sarcoma, 264 , 265 
Papilloma, 241, 375, 376, 377, *378, 384 

PapHlomatOiia, infectious buccal, 375, 
367 

mitotic index in, 31 
of onives, 375, 377, 378, 384 

Parakeratin pearls, 58. 59, 70, 74 

Paranasal sinuses invaded by transitional 
cell carcinoma, 132 ff, 
myxogenic sarcoma of, 283 

collagen and keratin, 

362, 364 

in acanthoma, 42 
in adenoacanthoma, 128, 129 
in adenoid epithelioma, 74, 78 
in basal-cell epithelioma, 58, 69, 63-64 
in embryonal epulis, 361, 362, 3^3 
in endothelioma, 368 
in sebaceous glands, 58, 59, 64, 66 
in sebaceous epitbelimna, 70, 74 
. parakeratin, 68, 09, 70, 74 


Ponttmaltj, 89, 341 

Porionil glands, 70 

epithelioma of, 67, 68-72 

Ptrleardial mesothelioma, 231-234 

PoritholiomatoifI tumours, 14, 17, 300, 403 

Parltoneum. See also Serosal 
endothelioma, 317-319, 320 
lipoma. 241 
mesothelioma, 222-231 
secondary’ tumour, see under Metasta¬ 
sis, transcoelomk, 

Patit, 93 

and Germain, 90 

Phaeoehromooytomai 334, 338-339 

Phafooytoaitt See CytophaQocjftosis, 
Foam-cell Lipophagy, Macrophage, 
by cells of reticulo-endothelioma, 311 

PharynXi affected in buccal papilloma¬ 
tosis, 376, 377 
carcinoma of, 114, 115 

Piana, 323 
Piatiata, 21 

Pig, adenoma hepatocellulare, 35, 166-171, 
174 

carcinoma heiuitocellulare, 159 
embryonal nephroma, 349, 351 
endothelioma, 293-298 
liver, cytology, 169 
nodular hyperplasia of, 163, 1()6-172, 
174 

melanotic tijniour.s, 229-331 

>in6y, 292 

Pituitary! cy.stic degeiierntion of, 17 

Pleura, implantations of thymoma on, 
207, 208, 215 

lymphangioma, 287-291, 319 
mesothelioma. 201. 221, 228. 231, 234- 
340 

Polarity of iells in liver tumours, 161, 
162, 194 

Poleon, 349 

Popoir, 274 

poroine, see Pig, 

Praoaneeroua proliferation of skin, 73, 78, 
83 

Prennant, 200 

PrMla cells, 42-48 

in basal-oeU epiij^tioina, 65 
in embryonal epulw, USSi 807 
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Ptamnioma, 291, 33P 

Pulmonary Numilunar valve, eiidotlielioiiia 
202-203 

Puroliat6| 30 

Quinlan, 140, 373 

Rabin, .338 

Ravenna, 137, 160 

Rooklinghauaen's disease. 246 

RogroMlon of one moiety of mixed 
tumours, 95, 96-97, 104, 109-113 

Ropfoduotivo tract, female, of poultry, 
carcinoma of, 93-11,3 
incidence, 90 

Reticuio-endothalial system, 29 

Retfoulchendothelioma, 305-311 

Reticulum, 28, 247-248 
in adrenal cortex, .334 
ill cuil»r 3 H)ual iiepliromn. 351 
in endothelioma, 28, 29. 30, 295, 300- 
301, 315, 316 
in lymphosarcoma, 400 
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INTRODUCTION. 


The ineiclence of infertility among domestic animals has been the 
greatest stimulus towards researches upon the pathology of the 
genitalia of these animals (Quinlan, 1929, 1935). However, it has 
been realised for many years that factors also of a non-pathogenic 
nature are responsible for many irregularities which occur in con¬ 
nection with the functions of the sex organs of farm animals (Heape, 
1899, 1901; Marshall, 1903; Hammond, 1914, 1921; Marshall and 
Hammond, 1926). 

Detailed studies of sex physiology are elucidating problems 
which, if solved, would assist farmers in regulating the management 
and feeding of their stock so as to obtain maximum production during 
the full length of the normal life of their animals. Any degree of 
infertility means economic loss; moreover, the presence of inherent 
low fertility is transmitted to subsequent generations (Oew, 1925). 

Great similarity exists between the sex organs of the main species 
of farm livestock (Kupfer, 1928), so that sex physiology studies of the 
one may very materially assist the researches on the other. Yet, in 
spite of the closest identity in structure of the genital organs, striking 
differences in function, or rhythm of function, of these organs have 
been found to exist, not only between closely related species, but 
even between breeds of the same species and this appears to be the 
case particularly in sheep (Heape, 1899, 1901; Marshall, 1903; 
Marshall and Hammond, 1926). 

Pathological conditions of the genitalia of sheep are relative¬ 
ly seldom encountered (Marshall and Hammond, 1926), so that, in 
this species, the search for essential knowledge of the nature of the 
aetiology of infertility should concentrate largely upon genital 
physiology. 

Such differences in sheep as the age of puberty, duration of the 
annual sexual season, fecundity, fertility, etc., must, to some extent, 
be attributed to breed characteristics. Hence, Border Leicesters, 
Leicesters, Dorsets, and Suffolks are among the most fertile breeds, 
while the Blackface is considerably less fertile due to the high 
incidence of barrenness (Nichols, i924, 1926). Dorsets have two 
sexual seasons while other British breeds have only one annual 
sexual season (Roberts, 1921; Marshall, 1922). Although the 
fecundity of Merinos is considerably less than that of the British 
breeds of sheep, the sexual activity of the former breed is exceptional 
in that Merinos in certain parts of Australia and South Africa 
experience a continuous series of dioestrous cycles throughout the 
year, when conditions are favourable (Marshall, 1922; Quinlan and 
Mar4, 1931). 
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There is, however, considerable variation in the expression of 
these physiological characteristics and the contention that environ¬ 
ment plays an important r6le is not without foundation. It is of 
scientific interest and immense practical value to know in what way 
the various envirouic factors influence the activity of the reproduc¬ 
tive processes, as such knowledge may bring about the introduction 
of methods of treatment and management which would result in 
greater fertility and, consequently, larger economic gains. 

Climate is the principal factor in the limitation of the world’s 
sheep population; the dense centres of sheep population are found 
within comparatively narrow linuts of temperature, rainfall, and 
humidity, to which sheep are particularly sensitive during the nreed- 
ing and lambing seasons (Johnson, 1924). Types ot seasons have 
considerable influence upon the groath oi sheep more especially 
during their first year (Hammond, 1921). Due largely to climatic 
preference, the heavily woolled breeds of sheep, such as the Merino, 
are not found to thrive in re^ons of high rainfall and humiility, but 
they piosper in the semi-arid areas in spite of wide ranges of tem¬ 
peratures. During poor rainfall seasons in tW latter areas, Merino 
sheep have been said to lie less fertile than during normal seasons 
(Quinlan and Mar4, 1931). 

The various types of soils and subsoils have been claimed to 
influence the fertility of certain Dritish breeds of sheep. Thus, a 
relatively hi{«h percentage of infertility is found among Lincoln 
sheep run on the wolds, Shropshires on a subsoil of New Hed Sand¬ 
stone, and Ham{)8hires which are not run on t'halk downs (Henpe, 
1899). In South Africa, the insufficiency of phosphorus in the soil 
has been shown to be the cause of infertility in cattle (du Toit and 
Bisschop, 1929) and evidence exists that the reproductive powers of 
sheep are affected in a similar manner (Bekker, 1932). 

The type, abundance, and nutritive value of natural pastures are 
the principal factors which determine the sheep-i’arrying capa«*ity 
and the raccess of sheep farming in any area. Malnutrition, due to 
deficiencies in pastures, most commonly occurs in old countries on 
unt ultivnted grasings to which no return has been made to compensate 
tor the value taken from them, or in new countries where the native 
slock has been improved without a corresponding grading up of the 
pastures. Such deficiencies generally result in emaciation; in young 
animals growth is stunted, prhile in mature animals the breeding 
capacity is affected (Orr, 1929). This problem of deficiencies in 
pastures is of particular interest in South Africa, where the natural 
grazing in large tracts of otherwise good sheep country becomes so 
leached of nutritive value during the winter months, tW sheep are 
unable to continue the normal processes of production and reproduc¬ 
tion unless supplementary feed is supplied. 

With adequate feed and in the absence of disease, normal growth 
and development of the animal body take place. During the early 
stoires of life, the sex organs develop at an equivalent rate to tihat 
of the rest of the body, and the age of puberty marks the commence- 
iMnt of the cyclical chai^res in we female, which cease only when 
*P* overcomes mneral ability and the sex organs undenro 
gbftoHal atrophy (Hobson, 1934). While no definite data exist to 

438 



LtJCIEW L. KOUX. 


indicate the normal sexual life in sheep^ what is maintained in the 
case of cattle no doubt can be applied to sheep, namely that cou 
siderable variations due to breed and feed exist (Hammond, 1937) 
The same changes which initiate the activity of the sex organs of the 
female at puberty, bring about the cyclical secretory and morpho** 
logical effects at periods when the behaviour of the animal indicates 
the occurrence of oestrus. The morphological changes which take 
place in the uterus, fallopian tubes, and vagina, are under control oi 
specific substances (horinones) which are produced by the ovaries- 
Furthermore, the activities of the ovaries are under the control of 
hormouic substances secreted by the anterior pituitary gland, but 
the factors which determine the activity of the anterior pituitary lobe 
have not been identified (Robson, 19e34). 

It must be apparent from the above remarks that: (1) In spite ol 
similarity of the associated organs and the principles governing 
physiological phenomena in various breeds of sheep, certain differences 
are fundamentally specific and breed characteristics and such 
differenc'es are reflected largely in degrees of fertility. 

(2) Enviimiie factors are responsible for a certain amount of 
diversity of intensity of the activity of the reproductive organs. 
Adverse conditions such as scarcity of feed or malnutrition result in 
inactivity of the reproductive organs which is reflected in infertility. 

The Merino sheep population of South Africa is approximately 
40 millions, the non-woolled breeds constitute about 5 millions, while 
the improved mutton (British) breeds exist in very small numbers. 
The Merino sheep industry is, therefore, of immense importance to 
South Africa. 

It has been stated that the fertility of Merino sheep in South 
Africa is decidedly lower than that of sheep in Europe (Nichols, 
1926); Quinlan and Mare (1931) obtained 77*7 per cent, fertility in 
Merinos and they state that, under less favourable conditions on 
South African farms, fertility is infinitely lower. It is, therefore, 
evident that great importanc'e must be attached to information upon 
the physiology of breeding and especially to all problems affecting 
fertility of Merino sheep in South Africa. 

The physiological changes in the ovaries of Merino sheep in 
South Africa, and their practical application in breeding have been 
studied in great detail (Quinlan ana Mart\ 1931). However, it i» 
interesting to note that certain of these observations do not entirely 
agree with those made by Kupfer (1928), under different conditions in 
the same country. The varying results obtained by Kupfer were con* 
sidered by Quinlan and Mare likely to be due to almormal adverse 
seasonal conditions. 

In certain observations made by the author, preliminary to 
those reported in this thesis, there appeared to be a certain similarity 
to the results recorded by Ktipfer (1928) under western Free State 
conditions, rather than to that of Quinlan and Mare (1931), whose 
observations were made under Cape Karroo conditions. The main 
feature of the difference was the duration of the sexual season. 
According to Quinlan and Mar4, Merino sheep in South Africa 
experience a continuous series of dioestrous cycles throughout the 

469 



SEX PHYSIOLOGY OF SHEEP. 


year, whereas Kiipfer observed the existence of a prolonged anoestrous 
period in non-pregnant Merino ewes, during which period ovarian 
activity is in abeyance. It appears important to establish whether 
enviroiiic factors constitute the main cause for such differences in 
ovarian activity, and whether deviations in the cyclical activities of 
the ovaries can be brought about by subjecting sheep to various 
treatments for extended periods of time. 


REVIEW OF THE LITERATURE. 

The Sexual Season. 

The sexual season is the period of the year during which the 
non-pregnant ewe exhibits oestrus or a series of dioestrous cycles 
(Heape, 1900). 

Sufficient information has been accumulated to establish the fact 
that, in most types and breeds of sheep in many countries, the 
sexual season is restricted to a particular time of the year, namely 
the autumn and early winter months (Heape, 1900; Marshall, 1903, 
1922; Kiipfer, 1928;* Cole and Miller, 1933; Grant, 1934). From 
MarshalFs (1922) accumulation of the earlier information, it is 
evident that the wild types of sheep are monoestrous, but that 
the domestic breeds are polyoestrous in that they experience a series 
of dioestrous cycles during the sexual season. The latter informa¬ 
tion has been confirmed by the more recent authors in whose 
observations the British and Merino breeds of sheep were included. 

Instances have been reported which reveal that, in certain 
limited cases, sexual activity of the non-pregnant ewe is exhibited 
annually in two sexual seasons (Wallace, 1890; Roberts, 1921; 
Marshall, 1922; Marshall and Hammond, 1926). This peculiarity 
appears to occur particularly in Dofset Horn and Merino sheep. 

Furthermore, there is evidence to indicate that Merino sheep in 
certain parts of Australia and South Africa and certain breeds in 
Central Europe are found to experience non-restricted sexual 
activity, or a continuous series of dioestrous cycles, throughout the 
year (Marshall, 1922; Kiipfer, 1928; Quinlan and Mare, 1931). 

It may be said, therefore^ that there appears to*be a gradual 
increase of sexual activity from the monoestrous condition of the 
wild species to the extreme degree of polyoestrum, exhibited by 
certain domestic breeds of sheep. 

The Anoestkous Peutod on Anoestrum. 

The anoestrous period is the period of rest during which there 
is complete sexual quiescence; anoestrum occurs between the sexual 
seasons (Heape, 1900). 

From the information cited on the sexual season, it becomes 
obvious that the duration of the anoestrous period decreases from 
that of the monoestrous wild types to that of the polyoestrous domestic 
breeds of sheep. 
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The British breeds of sheep, in their home country and abroad, 
experience an anoestrous period and, although some variation exists 
as to the length of anoestrum, the latter occurs during the spring 
and summer mouths (Heape, 1900; Marshall, 1903, 1922; Marshall 
and Hammond, 1926; Roberts, 1921; Cole and Miller, 1933; Grant, 
1934). 

Kiipfer (1928) reports that the sheep of Central Europe have no 
annual anoestrum and, according to Marshall (1922) and Quinlan 
and Mare (1931), Merino sheep in certain parts ot Australia and 
South Africa do not experience an annual anoestrum. However, 
Ktipfer’s (1928) observations on Merino and Woolled-Persian sheep 
in South Africa definitely indicate the existence of a prolonged 
anoestrous period. It is interesting to note that Kiipfer found the 
same condition of anoestrum to exist in Boer and Angora goats 
during the spring and summer months under South African condi¬ 
tions and the observations of Warwick and co-workers (1933) on 
Angora goats in Texas agree with those of Kiiupfer on the same 
species; the former authors report an anoestrous period during the 
Texas spring and summer months. 

Various reasons are advanced to explain the differences in annual 
sexual activity of the types and breeds of sheep. A certain amount 
of importance is attached to genetic differences, while at the same 
time it is realised that such factors as feed an(| climate may modify 
the degree of sexual activity of the non-pregnant ewe. The available 
information relating 1o these aspects of the sexual season and 
anoestrum is given under a subsequent section of this review. 

Thk DtoESTuors Ctcle. 

It has been indicated that the sexual season of the non-pregnant 
ewe is made up of a series of dioestrous cycles. Each dioestroiis 
cycle consists of: prooestrum, oestrus, metoestrum, and dioestrum, 
(Heape, 1900). 

ProoeJtfrum, 

In sheep, the external signs of prooestrum are slight, although 
they have been detected as being a congestion of the vulva and a 
discharge of mucus (Marshall, 1922; Grant, 1934). 

Qiiinlan and Mare (1931) observed that in Merino sheep oestrus 
comes on gradually over a period of several hours, but Grant (1934) 
found that in Scottish sheep receptivity is reached within 30 to 00 
minutes. 


Oestrus, 

Oestrus is the special period of desire in the female; it is 
during oestrus, and only at that time, that the female is willing to 
receive the male and fruitful coition rendered possible ’’ (Heape 
1900). 

The external symptoms of oestrus in the ewe have been described 
by Marshall (1903), McKenzie and Phillips (1930), and Grant (1934). 
The mutual behaviour of the ewe and ram is a reliable indication of 
oestrus. A non-receptive ewe nms away when approached by the 
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ram, while a receptive ewe goes in search of or goes to meet the 
ram; attention from the ram causes the ewe to vibrate her tail and 
she allows the ram to mount or to serve her. The external signs 
of prooestrum persist during oestrus. 

Considerable variation in the duration of oestrus has been 
observed. Heape (1900) considers that in Barbary wdld sheen oestrus 
lasts only a few hours, while in domestic sheep it lasts probably 12 
hours. McKenzie and Phillips (1930) in a study of 247 periods 
found an average duration of 26*8 hours in Hampshire, Southdowm, 
and Shropshire sheep; the shortest and longest periods were 5 and 50 
hours respectively and seventy-four per cent, of the periods were 18 
to 36 hours. Significant differences were found to exist between the 
duration of oestrus of the different breeds and significant differences 
were found between lambs and yearlings; however, such differences 
were not revealed between yearlings and older ewes. Grant (1934) 
observed that in Scottish sheep the duration of oestrus ranged between 
3 and 84 hours, the mean was 22 hours and the mode 28 hours. 
McKenzie and Phillips and Grant observed the duration of oestrus 
by means of “ keeled ’’ vasectomised and vasoligated rams, frequent 
inspections for marked ewes having l>een made. Quinlan and Mare 
(1931) tested Merino ew-es at tw'elve-liour intervals and they found 
the average duration of oestrus to be 40 hours, the mode 36 hours, 
and the range 24 to 96 hours. 

Metoestruni, 

Metoestrum, the waning of oestrus, is gradual; it lasts for a 
period of several hours (Quinlan and Mare, 1931; Grant, 1934). 

Dioestrum. 

Dioestrum is the period of the dioestrous cycle during which no 
sexual desire is showm; it is an interval of quiescence (Heape, 1900; 
Marshall, 1922). Heape rx)nsiders that the two quiescent periods, 
dioestrum and anoestrum, are homologous, that the one is a modifi¬ 
cation of the other, and that the modification is no doubt related to 
an increased or decreased pow’er of reproduction 

Quinlan and Mare (1931) found the length of dioestrum in 
Merinos to range from J2*5 to 17 days and the mode is given as 
15 days. 

' ♦ 

Periodicity of Oestrus. 

XTsually, oestrus recurs with marked regularity during the sexual 
season. The periodicity of oestrus, or the length of the dioestrous 
cycle, depends largely upon the duration of oestrus and dioestrum. 

Quinlan and Mare (1931), and Quinlan, Mare, and Roux (1930), 
(1932) found the mode of the dioestrous cycle in Merinos to be 17 
days and, while the great majority of cycles were 16 to 18 days, 
cycles as short as 6 days and as long as 68 were observed. McKenzie 
and Phillips (1930) report an average dioestrous cycle of 16*6 days 
for certain British breeds of sheep; 79 per cent.^ had cycles from 
14 to 16 days; there were no significant differences due to age and 
breed. Grant (1934) found the mean duration of the dioestrous cycle 
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in Scottish sheep to be 16*4 days, the mean deviation being±0*8 
days. He points out that Kupfer (1928), Sanctis (1926), and 
Schmaltz (1921), found a somewhat longer cycle to exist in Central 
European sheep and, by compiling all available data, Grant gives 
the average duration of the cycle as 16'8 days and the mode as 17 
days. 

Variations in the length of successive dioestrous cycles are small. 
Quinlan, Mare, and lloux (19y2) found that in 45 per cent, of cases 
no variation occurred while variations of one day occurred in 45 
per cent, of cases. 

Considerable evidence is available to indicate that the interval 
between two exhibitions of oestrus is frequently the length of two 
or even more dioestrous cycles. Grant (1934) suspects that in cases 
in which ol)servations are made only once daily, short oestrous periods 
might be missed, but he points out that, even when “ keeled ” rams 
were run with the ewes constantly, abnormally long interoestrous 
periods were observed by McKenzie and Phillips (1930) and Casida 
and McKenzie (1932). 

Thk Changes in the Beproductive Organs. 

The preceding details deal with the external manifestations of 
sexual activity in the non-pregnant ewe. It is now necessary to 
consider briefly the rhythmic alterations occurring in the reproduc¬ 
tive organs and to indicate the relationship between the various sex 
organs. 

It is not necessary to enter into great detail upon the anatomical 
structure and the physiological changes experienced by the genital 
oi'gans. Such details can be found in the well-known text-books and 
monog]*a])hs on reproduction in mammals. However, for the present 
purpose, the periodic changes experienced by the ovaries appear to 
warrant special attention. 

The morphological and physiological changes occurring in the 
reinoductive organs of the non-pregnant ewe have been studied by 
Marshall (1903), Ktipfer (1928), Quinlan and Mare (1931), Casida 
and McKenzie (1933), and Grant (1934). 

The researches of certain of the above investigators (Marshall, 
Kiipfer, Casida and M(*Kenzie, and Grant) indicate that during 
unoestnim all the sex organs are in a quiescent and anaemic state; 
the ovaries are small an<l compact, but many small follicles may be 
present. Grant states that it is not known whether the follicles are 
ctonstaiitly growing and regressing during anoestrum or whether 
follicular development is entirely arrested. About six weeks prior to 
the commencement of the sexual season, mitosis begins in the 
reproductive organs and eventually the latter assume the condition 
evidenced during the oestrous period. Grant’s findings reveal that 
one or more cycdes of ovulation and development of corpora lutea may 
occur before the regular sexual season, while occasionally an ovarian 
cycle takes place without the exhibition of heat at the end of the 
sexual season. Ktipfer (1928) also observed the occurrence of 
ovulation without oestrus and he is of the opinion that such ovula¬ 
tions would not lead to pregnancy, 
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During the dioestrous cycles of the sexual season, many altera¬ 
tions take place in the ovaries, uterus, and other secondary sex organs 
(vagina, cervix, fallopian tubes). During the interoestrous period, 
or dioestrum, the organs prepare for the reproductive climax, oestrus, 
when the uterus is enlarged and distended and ovulation takes place. 

The morphological changes in the ovaries during a dioestrous 
cycle embrace: follicular maturation, ovulation, and the formation 
and subsequent atrophy of luteal tissue. The secretory changes in the 
ovaries result in the * liberation of a specific hormonic substance, 
oestrin, which, together with the corpus luteum hormone, controls 
the cyclical alterations in the various divisions of the uterus^ 

Through ovarian control, the endometrium or internal and 
secretory grandular portion of the uterus undergoes changes necessary 
for the nidation of the ovum. During the latter part of oestrus, the 
fallopian tubes and uterus are in a fit state for the reception of the 
ovum. 

More recently, it has been discovered that both the morpho¬ 
logical and secretory changes in the ovaries are subject to a specific 
hormonic control by the anterior lobe of the pituitary (Zondek and 
Aschheim, 1927; Smith and Engle, 1927— cit. Robson, 1934). Hence, 
the influence of the substances capable of being excreted by the 
pituitary upon the ovaries may bring about: (a) follicular matura¬ 
tion, ovulation, and oestrin secretion, and (ft) the formation of luteal 
tissue, followed by the secretion of luteal hormone which results in 
the inhibition of oestrus. 

The Specific Changes in the Ovary. 

As the changes in the ovaries are of particular interest in the 
present sudy, it appears necessary to review the literature upon the 
ovarian activity of the ewe in considerable detail. 

From a practical point of view, early conception, regularity of 
lambing, and the number of lambs born out of a single ewe or a 
flock of ewes, are indications of ovarian activity. Hammond (1921) 
points out that the number of ova shed is the main factor influencing 
fertility, but the same author draws attention to the fact that foetal 
atrophy and unobserved early abortions do occur in sheep. Clark 
(1934) found that ovulatiom rates are approximately the same as the 
lambing averages. However, the probability of the presence of rams 
of varying fertility must not be lost sight of in cases in which the 
fertility of the ewe is used as a measure of ovarian activity (Quinlan 
and Mare, 1931; McKenzie and Phillips, 1933). Nichols (1924, 
1926) draws attention to various environic factors which may affect 
fertility. Therefore, a true reflection of ovarian activity is not 
obtained by considering lambing percentages and this may be the 
case especially when marked low fertility is observed. However, the 
possibility of the above irregularities existing does not condemn a 
restricted use of data on lambing percentages, more especially when 
the animals considered have been maintained under similar conditions 
and management, and the number of animals considered is large, 
.l/ambing results are, therefore, referred to in this and subsequent 
sections of this review. On the other hand, it must l>e emphasized 
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that greater importance is attached to oestrous observations and even 
more to the examination of the ovaries as being reliable methods of 
determining and studying ovarian activity. 

Puberty marks the onset of ovarian changes. Marshall (1922) 
remarks that puberty is not accomplished at once. It is the period 
during which the animal becomes sexually mature when the essential 
organs of reproduction undergo a great increase in size. 

Evidence exists which indicates that, even at a very young stage, 
the ovaries are not entirely static: Hammond (1927) cites the reports 
of Heitz (1906) and Eiippeli (1908) stating that out of 75 ovaries of 
calves between 5 and 12 weeks old, 80 per cent, contained a follicle 
over 0*y c.m. in diameter, and that in four cases a folicle of 1-3 c.m. 
was found. Hobson (1934) contends that it is generally accepted 
that in mammals a large number of ova are present in the ovaries at 
birth, but that they remain quiescent until maturity. 

Marshall and Hammond (1925) consider that during growth the 
internal secretions are concerned with growth and that the secretions 
are insufficient for the development of sex cells. Parkes (1929) 
points out that the idea of somatic control of the ovaries has been 
vindicated by recent work on the effects of the anterior pituitary 
substan(*e on the ovaries. The same author says that the develop¬ 
ment of the ovaries before puberty tends to l>e sporadic; it may 
include one or more waves of growth which are followed by 
retrogressive changes. 

Although little exact information with regard to the age of 
puberty of sheep is available, evidence indicates that ewes of 9 to 
12 months are sexxially mature; yet considerable variation between 
breeds and individuals within breeds appears to exist. McKenzie 
and Phillips (1930) found that the age of puberty in Hampshire, 
Shropshire, and Southdown sheep varies t'onsiderably, the first named 
breed being well in advance of the others. Well grown Hampshire 
lambs averaging 86 pounds exhibited their first oestrus when from 
187 to 250 days old. According to Quinlan, Mare, and lioux (1930), 
50 Merino ewes iinder oestrous observation showed oestrus at 9 to 
10 months old; but, according to an analysis of other data presented 
by the same authors, 11*4 per cent, of the 50 Merino ewes when 
18 months old, did not show’ oestrus during four consecutive months 
of observation and under conditions where Merinos are maintained 
to be sexually active throughout the year. Griswold (1932) found 
that Hamp8hire-Raml)Ouillet ew’es bred as lambs gave an 86 per cent, 
lamb crop. Golf (1934) reported 129 per cent, lambs in German 
Mutton Merino sheep bred at 10 to 12 months of age. Nichols (1926) 
points out that barrenness in shearing (young) ewes is due frequently 
to failure to take the ram which may be due to sexual immaturity, 
hence reduced or delayed ovulation. 

Hobson (1934) in reviewing the work of Smith and Dortzbach 
(1929) and Wolfe and Cleveland (1931) on the secretions of the 
anterior pituitary of immature animals, states that ‘‘ . . . . the 
anterior pituitary lobe contains active gonadtrophie hormones before 
the onset of maturity and the ovary is capable of reacting to these 
hormones and yet under normal physiological conditions the ovary 
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does not mature at that time. Up to the present no satisfactory 
explanation for this apparent paradox has been found”. Eobson 
considers that, as the injection of additional hormone into immature 
animals brings about sexual activity, it is likely that the rate of 
secretion of the untreated immature animals is not at a sufficiently 
high level to stimulate the ovary. 

Descriptions of the ovary of mature ewes have been given by 
many writers and more recently’by Kiipfer (1928), Quinlan and Mare 
(1931), and Grant (1934). 

The number of follicles which rupture during any one oestrus 
varies. Grant found that out of a total of 441 ewes, the average 
number of corpora lutea present was 1*87; there were 64 ewes with 
3 corpora, 8 with 4, and 3 with 5 corpora. The average number of 
corpora found present by Marshall (1903) was 1*25 and by Hammond 
(1921) 1-45. It appears from the work of Quinlan and Mare 
(193l)on Merino sheep, that the liberation of more than one ovum 
seldom occurs. Grant (1934) states that there is a tendency for the 
number of ova shed to decrease towards the end of the sexual season. 
On the other hand, Clark (1934) states that cases of double ovulation 
occur fairly uniformly throughout the sexual season. 

Usually, follicles of various sizes are found in the ovaries, but 
all these follicles do not mature as, after ovulation, the remaining 
follicles degenerate (Sandes, 1903— cit. Hammond, 1914). Marshall 
(1922) considers follicular atrophy a natural process; only when it 
becomes excessive does it result in sterility, in which case the failure 
of some follicles to mature is probably due to insufficiency of 
stimulating pow’er at the disposal of the ewe. 

According to Quinlan and Mare (1931), shortly after ovulation 
there is rapid enlargement of the follicle destined to rupture at the 
next oestrus, but Grant (1934) found little early development, growth 
taking place uniformly throughout t!ie interoestrous period. In the 
sow, McKenzie (1926) found the growth of follicles to be slow during 
the early part of the interoestrous -period, but very rapid about three 
days before the onset of oestrus. 

The final stages of the mature follicle in the ovary of the ewe 
have been described by Kupfer (1928), Quinlan and Mare (1931), 
and Grant (1934), At the commencement of oestrus, well developed 
follicles reach a diameter oi about 1 c.m., the capsule is thin and 
transparent, the contents appear slightly purple in colour, and one 
or two capillaries are seen transversing the follicular capsule, 
llupture of the follicle is preceded by the elevation of a small papilla 
above the general surface and ultimately the immediate cause of 
the rupture is considered to be the pressure of the follicular fluid. 
While one ovulation from each ovary may occur, a double ovulation 
from one ovary has been evidenced; also, the same ovary may ovulate 
three times in succession. 

Grant (1934) indicates the variations reported with regard to the 
time of ovulation relative to the onset of oestrus. It appears that 
in most cases ovulation occurs 24 hours subsequent to the onset of 
oestrus.' In Merinos, Quinlan and Mar6 (1931) state that ovulation 
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rarely takes pla(*e before the 3Cth to the 40th hour of oestrus. Grant 
considers that it occurs earlier in Scottish sheep than in other breeds. 
Green and Winters (1935) state that ovulation in sheep occurs as the 
animal passes from heat. 

Normally, ovulation does not occur during pregnancy, during 
which period the follicles remain small and unaltered (Quinlan and 
Mare, 1931). However, authentic cases of superfoetation have been 
reported by Smith (1927, cit. Grant, 1934) and Grant (1934). 

Ovulation has been observed 10 to 15 days post-partum, but such 
ovulations are not accompanied as a rule by oestrus when the ewe 
suckles its lamb (Quinlan and Mare, 1931). Parkes (1929) indicates 
that it has been shown by practising ovarectomy that the inhibition 
of oestrus during lactation is set uj) through the ovary, and that the 
absence of oestrus is not due to the heavy drain upon metabolism 
resulting from lactation. 

Oestrus has been observed to occur soon after almrtion. Nichols 
(1924) reported a case in which a ewe aborted during early pregnancy 
and was served the following day. Quinlan and Mare (1931) 
observed normal oestrus in a Merino ewe 17 days after the birth of 
a still-born lamb and, in a similar type of case, van liensburg (1935) 
observed normal oestrus after 21 days. 

Shortly after ovulation, luteal cells are formec^ by the hyper¬ 
trophy of the follicular epithelial cells and the ingrowth of connective 
tissue along with blood vessels ” (Robson, 1934). The evolutionary 
and involutionary changes of the corpus luteum in the ovary of the 
ewe have beeen described by Ktipfer (1928), Quinlan and Mar^ (1931), 
Gasida and McKenzie (1933), and Grant ^934). The corpus luteum 
becomes conspicuous 48 hours after ovulation; within five days it 
occupies a large portion of the ovary, when it may be 0'5-0-7 c.m. 
in diameter; it reaches its maximum size at about the middle of 
the inteiovulation period of its formation, when it is about 0-9 c.m. 
large and has a central cavity containing a fluid. As its cycle 
advances, it changes from a Idood red to an opaque pink colour. 
Although Quinlan and Mare state that the corpus luteum remains 
little changed in size until after the commencement of the next 
oestrus, the other investigators report that the corpus starts degene¬ 
rating during the latter part of the iuterovulation period. Atrophy 
becomes rapid after the formation of the newly formed (‘orpus luteum 
and the colour (dianges to a yellow, then to a dark brownish yellow. 
The last trace of tlie corpus is a Iwownish pin-point speck on the 
surface of the ovary. Grant’s (1934) statement to the effect that 
Quinlan and Mare (1931) misinterpreted the changes in the tMU'pus 
luteum prior to ovulation, does not appear to be s\ihstantiated. The 
ovaries shown in the coloured drawing submitted by the latter 
authors, are of natural size and they were made from the fresh ovaries 
taken from sheep immediately after slaughter. Moreover, it is very 
evident that the greatest care was taken in representing the 
appearance of the corpus luteum from day to day during the inter- 
oestrous period. 

The corpus luteum of oestrus is a ductless gland and its chief 
function is the inhibition of oestrus, which effect it produces by a 
specific hormone. 
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The corpus luteum of pregnancy, or corpus luteum vera, is highly 
vascular and it remains present in the ovary during the entire period 
of pregnancy (Quinlan and Mare, 1931). However, by the end of 
the third month slight changes commence, but more marked altera¬ 
tions in size and colour are noticed iust previous to parturition, after 
which rapid changes in size take place. 

During lactation, atrophy of the corpus luteum vera continues, 
and three months after parturition, it is reduced to a vestige (Grant, 
1934). Only in rare cases does ovulation occur shortly after 
parturition (Quinlan and Mare, 1931). In spite of the absence of a 
corpus luteum, oestrus does not generally occur during lactation; 
Hammond (1925, HU Robson, 1934) has suggested that lactation 
interferes with the nutrition of the ovaries thus inhibiting the 
occurrence of normal dioestrous cycles. 

As previously indicated, the corpus luteum is a gland of internal 
secretion and the hormone which it secretes assists the ovarian 
hormone, oestrin, in regulating the cyclical alterations in the various 
divisions of the uterus. Although it is generally understood that 
secretions of the corpus luteum inhibit oestrus, Robson (1934) states: 

Ifone of the evidence so far adduced, however, proves conclusively 
that the inhibitory effect upon oestrus is definitely due to known 
luteal hormones and the possibility that unknown or even an 
unspecific factor may be responsible for some of the results observed 
has by no means been excluded. Moreover, it is known that other 
substances besides the luteal extracts have an inhibitory action on 
the occurrence of oestrus, e.g. adrenaline ” (Robson, 1932). Robson 
in his review also indicates that it appears to be definitely established 
that the luteal hormone is important in the early stages of gestation 
in all species, but that the contentions with regard to the function of 
the corpus luteum during subsequent stages of gestation are 
contradictory. It is not definitely known whether there is any inter¬ 
relation between the corpus luteum and the mammary gland. 

•1 *’ 

Aschheim and Zondek (1927) and Smith (1927, Ht, Robson, 
1934) discovered that large quantities of oestrin are excreted in 
pregnancy urine. Zondek (1930— cit. Robson, 1934) has standardised 
two gonadotropic substances, Prolan A. and B., recoverable from 
pregnancy urine or from the pituitary, in terms of mouse or rat units. 
While a considerable measure of success has been achieved by 
artificially inducing ovulalion and oestrus in small animals through 
the administration of preparations containing gonad stimulating 
hormones, only in limited instances have similax successes been 
achieved with domestic animals such as the ewe. Cole and Miller 
(1933) found that oestrus and ovulation can bo induced in sheep 
during mid-anoestrum by administering sufficient amounts of gonad 
stimulating hormones in serum from pregnant mares. The 
importance of giving a second injection of the serum 16 days after 
the first is stressed. Warwick and co-workers (1933) used a serum 
prepared from human pregnancy urine on goats and, while ovulation 
was found to have occurred in several cases, oestrus was not produced* 
As details were not given in the report available, it is not known 
whe^er the precaution of giving the second injection alter a 
particular time was observed. 
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The Genetic Aspects of Ovarian Activity. 

During the consideration of the sexual season in the various 
breeds and types of sheep, it was deduced that there appeared to be 
a gradual increase of sexual activity from the monoestrous condition 
of the wild species to the extreme degree of polyoestrum exhibited 
by certain domestic breeds of sheep. 

Marshall’s (1922) accumulated information on the wild types 
of sheep, 0. tragelophus, 0. burrhel, 0. musiman, 0. vignei, O. 
ammon, 0. canadensis, 0. poli, and 0. argili, indicates that they 
are all monoestrous. JParkes (1929) states that the w’ild prototypes 
of the cow, pig, sheep, and goat, all probably exhibit a restricted 
sexual season, which in the case of the last tw^o appears to be in the 
autumn, but that domestication extended the season so that domestic 
strains breed at almost any time. He further states that, in the 
domestic strains, the greatest readiness to breed it still found at the 
time which corresponds to the primitive sexual season. 

Through domestication, improved methods of husbandry no 
doubt have encouraged the establishment of longer sexual seasons, 
which increased the probability of fertilisation and consequently the 
fertility of the flocks. Marshall (1903, 1922) and Marshall and 
Hammond (1925) indicate that variations in the time of the occur¬ 
rence and the duration of the sexual season are definitely breed or 
racial characteristics. While most breeds in Great Britain 
experience many dioestrous cycles during their annual sexual season, 
the Scottish Blackfaced sheep in the Highlands have only tw'o 
dioestrous cycles annually. AVhile the sexual season of most firitish 
breeds of sheep is from October to February, the Limestone sheep of 
Westmorland and Derbyshire and Dorset Horn sheep are capable of 
breeding more than once annually. Boberts (1921) found that, in 
ihe United States, Shropshires are most active during October to 
December, while in Dorseis tw'o annual sexual seasons occur during 
the months May to July and September to December. As previously 
indicated. Merino sheep in certain parts of Australia anj South 
Africa experience greater annual sexual activity than any other 
breed, as in the former a continuous series of dioestrous cycles is 
experienced throughout the year (Marshall, 1922; Quinlan and Mare, 
1931). 

In comparing the early breeding characteristics of various 
breeds, Darlow (no date) and Bussell (1919) found significant 
differences. The Merino was the best early lamb producer; 80 per 
cent, of the ewes brought lambs before January as compared with 
40 per cent, of the Dorsets. Although the Shropshire w’as found to 
be a late breeder, the Shropshire-Mermo crosses were earlier breeders 
than the Merino. Darlow states that, while the early breeding 
character is not common to all Dorsets, it appears to be particularly 
dominant over late breeding when the Dorsets are selected for the 
former character. 

As previously indicated, fertility can, to some extent, be used as 
an indication of ovarian activity. Heape (1889) fonnd remarkable 
differences in the fertility of various breeds and he contended that 
the results of his investigation clearly indicated that fertility is a 
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racial characteristic. Heape remarked upon the remarkably high 
feitility of Suftolks^ Shropshire, and Dorsets and the serious state of 
low fertility among Southdowns of those times. The later investiga* 
tions of Nichols (1924, 1926) led to the definite conclusion that 
differences in fertility between different breeds and within breeds 
are fundamentally genetic. Marshall and Potts (1924) state that 
various breeds and strains have each an inherited limit of fertility. 
In comparing the fertility of several breeds of sheep in the United 
States, they found that Dorsets gave the best returns and 
Rambouillets lowest returns per 100 ewes; whereas 146 and 163 per 
cent, were obtained from two year old and aged Dorset ewes 
respectively, the equivalent returns from Rambouillets were 111 and 
125 per cent. 

It is logical that the factors which yield high fertility are those 
which produce a high proportion of multi-births. Hammond (1921) 
has indicated that the limiting factor in fecundity is the number of 
ova shed at oestrus. Age appears to play an important role so far 
as fecundity and, consequently, ovarian activity are concerned; 
although variation between different breeds exists, greatest fecundity 
occurs during the sixth year of the ewe’s life. Marshall and Potts 
(1924) have shown that analyses of flock records indicate an increase 
in proportion of twins born until ewes are 5 to 6 years old; ewes 2 
years old produced 111*4 per cent, lambs, while 6 year old ewes 
yielded 161*2 per cent, lambs. In American Shropshire sheep, the 
percentage of multi-births increases up to 4 years and then remains 
fairly (*onstant through the eighth year; ewes 16 years old we|*e pro¬ 
ductive (Roberts, 1921). Langlet (1934) reports that in German 
Mutton Merinos optimum lambing results are obtained in the sixth 
year, but in German white-headed mutton sheep best lambings are 
obtained from ewes 3 to 4 years old. As old ewes are either sold or 
slaughtered before they reach senility the full extent of their repro¬ 
ductive ability is usually unknown. However, Pearl (1913) has 
reported a case of abnormal fecundity in a native ” ewe which 
gave a farmer 19 fleeces and 36 lambs. The breeding details were 
as follows: first 2 years, 2 singles; third year, twins; next 6 years, 
triplets; next 6 years, twins; next 2 years, singles; last 2 years, 
no lambs. 

Pearl (1912, c/f. Hammond, 1914), has shown that a fertile 
strain of fowl does not necessarily contain more oocytes in its ovaries 
tlian an inferiile strain and that the development and growth of the 
oocytes are caused by a physiological facdor. Crew (1925) contends 
that it is jiossible to bring a family of animals to an end by delibe¬ 
rately neglecting the fact that its individuals are of low fertility. 
Marshall and Hammond (1926) draw attention to the importance of 
using rams from highly fertile strains in order to maintain or increase 
ihe fertility of flocks through their genetic constitution. Crew (1925) 
draws attention to the fact that, while it is possible to increase the 
number and intensity of the dioestrous cycles in polyoee^trous animals, 
there is no evidence that special treatment can convert the cxinsti- 
tutionally monoestrous into the polyoestrous, and that, although 
environic factors may affect the oestrous cycle, it is certain that 
differences in the nature of this cycle fundamentally are specific and 
breed characters 
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The Effect of Envihonic Factors upon Ovarian Activity. 

Climatic. 

Considerable evidence has been advanced to indicate that 
environic factors such as climate, soil, and nutrition, influence the 
extent of sexual activity in sheep. 

Marshall (1922) is of the opinion that the occurrence of the sexual 
season in any one country or locality is closely connected with the 
climatic c/onditions and the periodicity of the seasons; sheep in Great 
Britain and South Africa adhere to this rule as in both countries 
they breed in the autumn. Marshall contends that the breeding 
season is contiolled through natural selection by the needs of the 
next generation. 

Variation in the duration of the sexual season is found to result 
due to changes of environmental conditions. Thus, Scotch Black¬ 
faced sheep in the Highlands experience only two dioestrous cycles 
during the annual sexual season, but in the" Lowlands as many as 
five or six dioestrous cycles have been observed (Marshall, 1922). 
Wallace (189(1) states that, in South Africa at high altitudes where 
sheep depend only on the veld, lambing begins in September or 
Octciber. He indic'utes a lull in lambing due to ewes not coining in 
season, but he states that in the low cjountry, below the second range 
bf mountains, autumn lambs are obtained, w^hich indicates that a 
sexual season must have occurred in the spring. 

Ktipfer (1928) found that under South African western Free 
State conditions, Merinos and Woolled Persian sheep and Boer and 
Angora goats are sexually active only during tlie autumn and early, 
winter months. Ktipfer, realising that greater sexual activity is 
shown by Merinos in Australia (Marshall, 1922) and sheep in (^entral 
Europe (Ktipfer, 1928), c*onsiders that sheep in South Afric-a have 
adapted their ovarian functions to climatic conditions. He doubts 
, whether sheep in various parts in any country or in different 
countries conform to the same type of organogenesis and follow the 
same periodicity in organic functions ”. This author considers that 
the short period of sexual activity observed by him under South 
African conditions might be an adaptation to the conditions necessary 
for the rearing of the offspring. It is interesting to note that this 
generalizati(m is supported by the same author's observations on 
equines in South Africa (Ktipfer, 1928). Ktipfer found that, in 
horses and donkeys, sexual activity was limited to the months 
October to March, so that, after a gestation period of about eleven 
months, parturition takes place at the beginning of and during the 
spring jwben conditions are favourable for lactation. 

On the other hand, under the semi-arid conditions of the S<iuth 
African Karroo, Quinlan and Mare (1931) observed continuous annual 
sexual activity in Merino sheep. They state that, under Karroo 
conditions, the absence of rain for extended periods adversely affects 
the pasture and results in irregularity of the dioestrous cycles. 

Some interesting observations upon sheep imported into the 
United States were recorded by Bussed (1919). It was found that 
imported Dorset Horns were not as fertile as acclimated Dorset Horns, 
as, in the case of the former, 10 per cent, proved barren, 20 per cent, 
failed to breed before the autumn during the first two seasons, and 
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50 per cent, of those that lambed dropped twins. In the case of 
Shropshires, out of 17 ewes, 6 proved barren. Although no data are 
reported, Quinlan and Mare (1931) state that they consider that it 
takes six months for the acclimatisation in South Africa of British 
breeds of sheep. Also, the same authors are of the opinion that 
temporary sexual inactivity may result when sheep are transferred 
from humid coastal regions to dry Karroo conditions. 

Endeavours have been made to recx)gnise the independent effects 
of climate and nutrition upon sexual activity in sheep, but little 
information is based upon actual experimentation. 

Johnson (1924), in considering the densely sheep-populated 
regions of the world with respect to temperature, rainfall, and 
humidity, states, that in the most important sheep countries of the 
world, the winters are mild, the summers are cool, and the humidity 
is considerably lower in summer than in winter. Under such condi¬ 
tions, the mean temperature ranges between 28® and 77® F., the 
rainfall between 0*3 and 4*5 inches per month, and the relative 
humidity between 56 and 70 per cent, at the higher temperatures 
and 65 to 91 per cent, at the lower temperatures. Johnson further 
states that the rutting season " falls within narrow limits of 
temperature, rainfall, and humidiy. He appears to agree with 
Hammond’s (1921) contention that the ‘‘ rutting season ” comes with 
a falling temperature, and it is said that, when the late summers and 
autumns are hot, the ewes will not breed until late. The results of 
Asdell’s (1926) analysis of the Kid Eegister of the British Goat 
Society clearly supports his contention with regard to the 
relationship between temperature and sexual activity in caprines. 
Asdell states that it is just as the reproductive period is setting in, 
or as the ovary awakens from the quiescence of anoestrum, that the 
influence of temperature is most felt. Slight activity starts in June, 
the rise is gradual during July and August, after which it becomes 
steep, and a maximum is attained in October; there is a slight decline 
to November, after which the decline is steeper, and it becomes more 
gradual until a minimum is reached in May. This author considers 
the August temperature most important and, while hot summers 
were found to delay matings, very cold temperatures during December 
resulted in a smaller number of mating during that particular year. 
McKenzie and Phillips (1932) found that, when ewes were subjected 
to low temperatures (44®-48®) in an ice chamber during the day or 
the night for 10 days, there were no significant differences between 
the experimental and the control ewes in so far as the number of 
days required for the ewes to show oestrus was concerned. 
Elpatjevskii (1934) states that low temperatures helow 15® C. 
reduced the number of sheep coming on ** heat by 25*8 per cent.; 
the effect of cold weather was enhanced by windy weather. Also, 
dull cloudy weather had a harmful influence and snow-fall reduced 
the number of ewes showing heat b;^ 17*5 to 30*0 per cent. 
Asdell (1926) considers the thermo-regularity mechanism of import¬ 
ance, but not absolute in action, and that summer heat probably 
increases the temperature of most animals, especially of those in 
which the sweat glands are poorly developed, as for example, the 
sheep and goat. Asdell suggests that summer temperatures may be 
above that at which follicular development may be posinble, winter 
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temperatures may be below, while spring and autumn temperatures 
may be most suitable. He further suggests that animals with a poly- 
oestrous breeding season w’'hich lasts practically the whole year, 
appear to be those in which the temperature regulatory system is 
most efficient. 


Nutritional. 

The effects of nutrition upon sexual activity of ewes have been 
subject to much discussion and this is especially true of the practice 
of flushing 

The advantages of “ flushing ” ewes some time before the 
commencement of the breeding season are explained and supported 
by Marshall (190*i, 1922), and Marshall and Hammond (1925). It 
is advocated that ewes entering the sexual season should be in a 

f growing or gaining condition. At the beginning of the sexual season, 
eed is still comparatively plentiful and the authors found that the 
greater percentage of twins are born during the first part of the 
lambing season which would indicate that the generative activity 
of ewes tends to be greatest at the commencement of the sexual 
season. 

Marshall and Potts (1924) made observations on the effects of 
flushing on a total of over 350 ewes, and they found that the 
flushed ” ewes gave 18*7 lambs more per 100 ew^s than did the 
“ unflushed groups. However, it is indicated that “ flushing 
with grain showed no advantage over good pasture grazing, nor 
could it be said that flushing ” brought ewes to service earlier, 
and it is stirprising to note that more cases of returning for a second 
and third service were found among the flushed ” groups. 

Sulisfactory results from “ flushing ” have been reported by 
Okulicev (1934) who states that the practice decreased the number 
of barren ewes and it increased the percentage of multibirths; while 
the number of iambs per 100 ewes was 103 in the control group, 
the flushed ” groups gave 120, 112, and 110 lambs. 

Jfichols (1926) is of the opinion that the manner in which the 
“ flush ” is produced is not as important as the fact that there has 
been “ flushing ” or a change to good fresh pasture. Nichols 
considers it imperative to practice “ flushing every year, tor, if 
this is not done, lambing results are likely to fall below the normal. 

Grant (1934) believes that “ flu.shing ’’ hastens the onset of the 
breeding season by converting the spurious ovulation periods into 
true “ heat periods, but he cannot agree that it stimulates earlier 
production of ripe follicles. Grant contends that “ flushing to be 
effective must be commenced at least 5 or 6 weeks before the first 
oestrus is due to occur. 

Asdell (1926) cannot agree that increase in feed can be the 
decisive factor in most animals in determining whether the onset 
of the sexual season will be early or late, although he considers 
that the feed supply is certain to have a large influenc^e where the 
animals are bordering on starvation. The remarks of Clark (1934) 
appear to agree in principle with the contentions of Asdell. 

483 



SEX PHYSIOLOGY OF SHEEP, 


The effects of mal-uutrition upon the reproductive powers ^ of 
animals have received some attention; controlled experimentation 
supports the general contention that underfeeding impairs reproduc¬ 
tion. 


Observations on laboratory animals indicate that, under condi¬ 
tions of mal-nutrition, the normal functions of the ovaries are affected 
Leob (1917, cit, Marshall, 1922) found that, vrhen guinea-pigs were 
underfed, maturation is prevented and atrophy takes place; similar 
treatment in the case of young animals has more marked effects. 
These results were confirmed by Papanicolaou and Stockard (1920); 
a prolongation of the dioestrum and a congestion in the uterus and 
ovary are reported, while the larger follicles were found to be more 
unfavourably affected by the lack of jiroper feed. 

Marshall and Hammond (1925) consider that nml-nutrition in 
sheep leads to an increased atiH>phy of draafian follicles, which, if 
excessive, may cause the animals to become sterile for one or more 
seasons. 

Du Toit and Bisschop (1929) give very interesting results in the 
case of bovines run on mineral-aeficient South African veld. When 
the pasture was balanced by the feeding of bonemeal, 6(vl per cent, 
of the 109 cows had three calves during three years, whereas none 
of the 20 controls had three calves during that period. The cows 
receiving the supplementary mineral in bonemeal produced 87^3 per 
cent of the possible number of calves, while the equivalent percentage 
of the control group was 56-5. The authors state that the cows 
which received bonemeal bred with greater regularity and that cows 
on deficient pasture exhausted their mineral reserves in the process 
of gestation and, generally, they needed two or more seasons in 
order to build up such reserves. Moreover, bohemeal-fed calves out 
of bonemeal-fed cows, bred earlier in life than did non-lwnemeal 
fed calves out of control cows. 

Bekker (1932) has demonstrated the detrimental effects upon 
reproduction when sheep from phosphorus deficient veld are main¬ 
tained on a phosphorus deficient ration and that improvement is 
reflected by adding bonemeal to the ration. 

There appears to be some doubt as to whether phosphorus 
deficiency is the only or the main short-coming in areas where 
mineral deficiencies are'marked. The recent observations of Eckles, 
Palmer, ef al, (1935) indicate that irregularities in sexual activity 
and breeding efficiency are more likely to be due to complicated 
nutritive deficiencies and not merely to the lack of phosphorus. It 
was observed that uncomplicated phosphorus deficiency did not cause 
abnormal oestrous cycles in dairy cows, although such rations did 
reduce breeding efficiency. The authors reviewed the results of 
various workers: Hart and Gilbert (1928) consider that the failure 
of range cows to conceive is in part due to restricted calcium and 
phosphorus intake, but the lack of protein is also recognised. Gilbert 
and Hart (1930) found that sexually mature rats on low phosphorus 
diets showed 80 per cent, cessation of oestrus and 100 per cent, young 
rats failed to reach sexual maturity on such diets, but it was indicated 
that the adverse effects were due not merely to phosphorus deficiency, 
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but rather to an abnormally high Ca/P. ratio eoui)led with low 
phosphorus intake. Evans and Bishop (1922) demonstrated that 
protein deficiency decreases the percentage of normal oestrous cycles 
in rats and that vitamin A deficiency affects the ovulation rhythm. 
In connection w'ith pasture deficiencies, Hart, Ouilbert, and Goss 
(1932) consider that vitamin A factor may be of considerable 
importance. However, Theiler (1933) is of the opinion that calcium 
and vitamin deficiencies are not important factors affecting the 
fertility of range cattle in phosphorus deficient areas in South Africa, 
but Hart and Guilbert (1933) considering the symptoms, contend 
that the lack of vitamin A should have been considered as an 
important factor of deficiency. 


THE PHY8I0CRAPHICAL CONDITIONS UNDER WHICH 
THE REPORTED OBSERVATIONS WERE MADE. 

The experiments w'ere conducted at the Veterinarj' Research 
Station, Krmelo, Transvaal. Ermelo is 5,090 feet above sea level. 
The topography of the district is undulating. The Research Station 
is located two and a half miles west of Ermelo town. The area of 
the Research Station is 2,400 acres, w'hich is divided systematically 
into small camps to permit grazing control. In general, the 
physiographical conditions of the Research Station maj' be considered 
to be fairly representative of a large xiortion of the eastern Transvaal 
highveld. 


Meteorological Data. 

The monthly rainfalls and temperatures of the years during 
wdiic.h the ex})eriment8 reported here \vere conducted, are given in 
Table I and illustrated in Diagram 1. 

It is apparent from the meteorological records that the rainfall 
is heaviest during January, February, November, and December; 
approximately 70 j)er cent, of the annual rainfall occurs during these 
months. Although the autumn and w’inter months are often with¬ 
out rain, very frequently a few^ inches of rain are recorded. Early 
spring rains may be expected during August or September. The 
rainy months are also the hottest months. Very low temperatures 
are experienced during the winter months. As the accompanying 
diagram indicates, temperatures are often erratic and frequently 
comparatively low temperatures are experienced during the autumn 
and spring seasons. 


The Soils. 

The mineral contents of the main types of soils found on the 
Research Station have been determined by Henrici [1930 (a)] from 
whose table of results certain data have been extracted and these are 
presented in Table II. 
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Table II. 

Soils of yooiiyedm'ht, 10, Enn^lo District, Transvaal, 


[Henrid, 1930 (a).] 



Grey soil. 

Dark brown 
soil. 

Black soil. 

Red sandy 
soil. 

, 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

CaO. 

0 05 

0 06 

0*70 

0 07 

MgO. 

008 

0 08 

0 82 

0 14 

K,0. 

0 15 

0*27 

012 

0-12 

PA . 

0 03 

0 03 ! 

0 03 

0 07 

Nitrogen. 

0 078 

0193 1 

0 084 

0 090 

Available K,0. 

0 012 

0 007 

0 0035 

0 0131 


0 001 

0 002 

0 0012 

0 0007 


0 010 

0016 

0-326 

0 046 

MgO. 

0 009 

0 010 

0 152 

0-027 

PJI. value. 

5-2 

51 

— 



It is seen that most of the above soils have a low mineral content 
and that all the soils are poor in available phosphorus. 
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The Pastube. 

Although many varieties of graases are found in the natural 
pasture, Themedra triandra is the characteristic grass of the area, 
and it appears that a very mixed grass vegetation with little 
Theniedra occurs only on the poorer soils [Henriei, 1930 (a)]. In spite 
of a relatively high rainfall, the dominating grasses of the eastern 
Transvaal never have the same feeding value as the grasses of drier 
areas such as Bechuanaland, whereas, when compared with the 
grasses of Great Britain, it must be wondered that deficiency diseases 
are not more common in these Transvaal areas [Henriei, 1930 (fe)]. 
The data presented in Table III have been extracted from the data 
determined by Hendrici, [1930 (a)] upon analyses of graases on the 
Research Station. 


Table III. 

Ash and Protein Content of Themedra triandra in Percentage of 
Stove Dry Matter* 


Date 

of 

flampling. 

Organ. 

Ash. 

Crtide 

pro¬ 

tein. 

Crude 

fibre. 

CaO. 

MgO 

NajO. 

K,0. 

P.O.- 

Cl. 

27. 4.26 

Green leaves. 

— 

4-9 

29-71 

0-30 

0-33 

0 007 

0-80 

0-183 

— 

21. 8.26 

Brown . 

10-88 

2-6 

— 

0-35 

0-23 

— 

— . 

0-084 

0 088 

3. 2.28 

Green „ . 

9-7 

5-74 

— 

0-42 

0-23 

0 044 

1-98 

0*264 

0 286 

26. 4.28 

Green „ . 

7-87 

6-9 

— 

0-47 

0 30 

0-044 

1 1 98 

0 404 

0 540 

30. 7.28 

Brown „ . 

9-31 

2-78 

— 

0-36 

0-26 

trace 

— j 

0-159 

0-000 

2.11.28 

Green „ . 

8-84 

8-57 

— 

0-51 

0-37 

0-008 

1 42 

1 

0 388 

0-682 


The researches of Henriei [1930 («); 1930 (?>)] reveal that, 
with the sole exception of potassium, the minerals important for the 
sustinauce of animal life are deficient in the dominating grasses for 
the greater part of the*year; for only a short fime in spring the 
grasses may be said to be good. Even in January, regardless of 
rains, the grasses appear to reach a latent stage, but strangely 
enough recover in February and March by a new type of sewndary 
growth. During the autumn months, the feed value leaches from 
the plants. The length of the period during winter months when 
green leaves are entirely absent varies from 30 to 120 davs depending 
upon the climatic conditions and especially the rainfall. 

The Methods of Sheep Httsbandet. 

The above physiographical conditions necessitate very particular 
management if sheep farming is to be a success. 
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During the summer months, healthy sheep attain good condition, 
but sheep begin to lose condition in the autumn and the loss of 
weight during the winter months depends upon the severity of the 
season and the management afforded. 

The feeding of mineral licks is essential, although, it may be 
added, many farmers do not appreciate this fact. Various combina¬ 
tions usually consisting at least of bonemeal and salt are fed. When 
licks are self-fed throughout the year, sheep consume larger quanti¬ 
ties during the winter months. 

In the great majority of cases, it is necessary to supply supple¬ 
mentary feed (luring the winter months. Some farmers trek w’ith 
all or most of their sheep to the low veld, where better winter grazing 
is available. When sheep are wintered on the highveld, the supple¬ 
mentary feeds used are maize and green cereal grazing. The extent 
of feeding necessary depends upon: the quality and (piantity of the 
available natural pasture, and the type of sheep (old or young, 
pregnant (u* non-pregnant, lactating or dry). While a large 
percentage of dry sheep may be carried through the winter on maize 
feeding, young sheep up to the age of 18 months, and pregnant and 
lactating ewes require green grazing for a portion of the winter at 
least. Provided grain feeding is started before the sheep have lost 
heavily in condition, from 4 to 6 ounces of maize should assist in 
maintaining a satisfactory winter w’eight. ^ 

High temi)eratures and rainfall during the summer months are 
favourable conditions for internal parasites. When sheep are kept 
on low-lying pastures, clean drinking water is not supplied, and 
worm control is not practised, no success with sheep may be expected. 
The eontl^ol of internal parasites is essential especially during the 
first twelve mouths of the sheep's life. 

Due to the difficulty of rearing a satisfactory percentage of 
healthy sheep, autumn lambing is preferred to spring lambing, as 
lambs lK)rn (luring the autumn are w'^ell advance(l when worm 
infection is likely to be at its w^orst. Some farmers practice both 
autumn and spring lambing, but there appears to be some doubt as 
to whether all ewes can be made to lamb during the former season. 

The alK)ve conditions were Iwrne in mind w'hen the experiments 
reported here were planned and the experience in handling the 
Research Station’s available flock wus, to some extent, a guide in 
selecting the rations for the experimental groups. 
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PART I. 

SEX PHYSIOLOGY OP THE NON-PRECNANT EWE. 


The various phases of the study are presented as separate 
experiments. 

Certain experiments, and, in certain instances, portions of the 
same experiment, were commenced at a later date than others. This 
was necessitated partly by the unavailibility of sufficient sheep 
material, and also by the difficulty of accomniodating very large 
numbers of sheep in the feed-yards and on suitable representative 
gracing near the yards. On the other hand, certain additions to the 
j^tudies were suggested as the investigations progressed. 

EXPERIMENT 1. 

The Ixfluence of Nutrition upon the Sexual Activity op Non¬ 
pregnant Merino Ewes. 

Kiipfer’s (1928) observations on Merino sheep under western Free 
State (South Africa) conditions, reveal the existance of restricted 
annual sexual activity in that breed, and he considers that, as Merinos 
in Australia (Marshall, 1922) and the sheep of Central Europe 
(Ktipfer, 1928) experience unrestricted annual sexual activity, sheep 
under South African conditions have adapted their ovarian functions 
to the environment. In other words, the short period of sexual activity 
of sheep under South African conditions is an adaptation to the 
conditions necessary for the rearing of the offspring. 

The observations of Quinlan' and Mare (1931) under Karroo 
(South Africa) conditions, do not confirm those of Ktipfer (1928), in 
that the former authors observed continuous annual sexual activity 
ill Merino sheep, although it is stated that the absence of rain for 
extended periods adversely effects the grazing and results in 
irregularity of the dioestrous cycles. These authors are of the 
opinion that Kupfer’s observations must have been made during an 
exceptional year when semial activity was particularly low. 

Preliminary observations made by the author at the Research 
Station, Ermelo, confirmed the findings of Ktipfer (1928); Merino 
sheep under eastern Transvaal conditions exhibit restricted annual 
sexual activity. 

The physiographical conditions of the eastern districts of the 
Transvaal have been discussed in a previous section. Evidence has 
been given to indicate that the poor fertility of the soil and the low 
nutritive value of the pastures do not permit these districts to be 
classed as good sheep country. The reproductive functions of 
animals were, therefore, suspected to be restricted by factors largely 
of a nutritional nature. 
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The liberal feeding of bone meal licks to stock has, for some time, 
been accepted as an essential farm practice. Sheep kept solely on 
natural pasture in these areas are unable to maintain normal health; 
general weakness and anaemia set in and a comparatively large 
percentage are likely to die during poor seasons. Long severe winters 
necessitate supplementary feeding; generally maize is fed but cereal 
winter grazing may be provided, and, during prolonged droughts, 
teff hay may be used. The feeding of protein-rich concentrates has 
not received consideration due to the high prices demanded for such 
feeds. 

The object of this experiment was to study the effects of various 
levels of feeding and different combinations of feeds upon the sexual 
activity of Merino ewes which are subjected to such treatment for 
prolonged periods of time. 

Materials and Methods ^—The sheep used in the experiment were 
obtained fiom the Research Station’s available flock of Merinos, 
which is classed annually according to the recognized standards of 
Merino flock classing, so that the material, which was taken at 
random from the flock, may be considered representative of a 
commercial flock. Eighty sheep were used for the observations in 
Experiment 1a and 50 in Experiment In. 

In the formation of the groups for any phase of the experiniem, 
the sheep were divided proportionately with respecif to age, type, 
and weight. 

All w’eight records were taken at 14 day intervals after 1*.^ to 
14 hours starvation; the sheep were kept in a covered shed at night 
and weighing was done between (> and 8 a.m. the next morning. 

All the groups were tested for oestrus daily lietween 0 and 8 a.m., 
this work was supervised by the stockman assisted by a native. 
Four to six vasectomised teasers were used with 10 ewes; the former 
were kept moving among the ewes for 7 to 10 minutes at each 
testing. 

Ill the case of the dry-lot or non-pasture groups, open yards 
measuring 8xlfi yards and devoid of pasture were used; the yards 
were supplied with hay racks and feed, water, and lick troughs. Xo 
grazing was permitted; the sheep left the yards only for fortnightly 
weighings and the annual shearing. A certain amount of shelter 
was afforded by tree wind-breaks, roneentrate rations were fed once 
daily, roughage twice daily, and the licks and water were available 
at all times. 

The groups on natural pasture were grazed on suitable camps 
near the observation yards; clean trough water and the mineral 
licks were available in the camps. The groups were brought to the 
yards daily lietween 0 a.m. and 8 a.ni, for oestrous obser^'ations, and 
at this tinie certain groups received their supplementary feed accord¬ 
ing to the plan of the experiment; the latter groups were drafted 
out by means of a drafting race. 

All the concentrates and licks fed were purchased. The teff 
hay fed was grown on the Research Station; the quality of the hay 
was good. 
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All sheep, iii the dry-lots and grazing groups received treatment 
for gastric and intestinal parasites at 28 day intervals throughout 
the year. Government Wireworm Remedy was used. 

The annual inoculation against Bluetongue took place three 
weeks prior to shearing. The nrst dipping in an arsenical prepara¬ 
tion for the control of keds was given approximately one month 
after shearing. 

The deaths that occurred in the various groups cannot be said 
to have been due to the treatment to which the sheep were subjected. 

Eg^periment 1a. 

Low Planes of Nvtntion in Dry •-lot compared to Supplemented 

PaHure. 

The experiment was commenced in July, 1932. At this stage 
of winter, it was found necessary to start supplementary feeding of 
the Research Station’s general flock; the condition of the sheep w^as 
therefore, at a winter level. 

Previous experience of the Station’s pasture had indicated that 
non-pregnant Merino sheep on dry winter pasture required from 
4 to 5 ounces of maize per sheep per day as supplementary feed, and 
it was estimated that a sheep consumed between 2 and 3 pounds of 
dry roughage a day. The rations of the dry-lot fed groups were 
constructed on this basis. 

A general outline of the treatments of the groups in this portion 
of the experiment is given in Table I. 

Table I. 


Groups in Ejtperiment 1a. 


Group. 

No. of 
sheep. 

Observations 

commenced. 

Treatment. 

I 

10 

24.7.32 

Diy-lot: Maize, teff hay, bone meal, and salt. 

II 

10 

24.7.32 

I)ry*lot: Maize, teff hay, and salt. 

III 

10 

24.7.32 

Dry-lot: Maize, cotton se^ meal, teff hay, and salt. 

IV 

10 

(1) 24.7.32 

(2) 2 ,^. 2 ^ 

Dry-lot: Maize, teff hay, bone meal, and salt 
Dry-lot: Teff hay, bone meal, and salt. 

V 

10 

24.7.32 

Dry-lot: Maize, teff hay, bone meal, and salt. 

VI 

10 

7.10.32 

Pasture: Bone meal and salt. 

VII 

10 

7.10.32 

Pasture: Maize, bone meal, and salt. 

VIII 

10 

1.5.33 

Pasture: Bone meal and salt, and green oat grazing 
during winter months. 


The sheep of Groups I to IV were approximately 22 months old 
at the commencement of the experiment. As it was suspected that 
young ewes might be irregular with regard to sexual activity, Group 
V, consisting of mature ewes, was included. It will be seen that the 
maize ration of the ktter group is an ounce more tlmn that of Groun I 
with which comparisons are to be made. The initial mean weights 
of the two groups necessitated this difference in the rations. 
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The treatment of Group IV during* the first period of 224 days 
was similar to that of Group 1, but the former ^^I’oup was subjected 
to a lower plane of nutrition during^ the second period of 520 days; 
the alteration in the ration was made at a time when the sheep were 
exhibiting* normal sexual activity. 

Group VII was fed maize according to appetite; the consumption 
varied from 8 to 12 ounces per sheep per day according to the nature 
of the natural pasture. 

Gioii]) VIII was drafted on to green oai grazing for one to two 
hours daily during the periods when natural green pasture was not 
available. During the winter months of 193^1 the oat grazing was 
not entirely satisfa(‘tory, due to adverse weather conditions, but 
during the lfh‘{4 winter months the green cereal glazing was good. 

The quantities of feed and lick consumed are given in Table V 
of the next section. 


1{ vaults. 

The general tieatments of Groups 1 to VIII have keen indicated 
in Table IV of the text. The details of the feed sche<lule and the 
(juantities of lick c^msumed are presented in Table II. 

With legard to Table II, attention is drawn to the following 
points: (])The rations of the dry-lot fed groujis Remained constant. 
As the licks were self-fed, the ([uantities issued w’ere recorded; the 
above quantities have been computed from the records of the issues. 

(2) Group VII was fed maize at the rate of 8 ounces i)er sheep 
per day when pastures were good, but, tor approximately 90 days 
during eacli of the two winter seasons, the daily consumption per 
sheep was 12 ounces, 

(3) The winter period dining which Group VIII was given green 
oat grazing was ap}»roximately 90 days. 

(4) The impossibility of feeding lick to each of the i)astiire 
groups sejmrately necessitates considering an average figure for the 
groups on pasture. 

The weights of individual sheep in Groups I to VIII, wdiich w’ere 
taken at 14 day intervals, are given in Ap]>endix 1a, Tables 1 to VIII. 
The mean weights r»f the gioups at each period aie given and these 
have been used for the construction of Diagram 2a of the text, which 
illustrates the tendencies of the w’eights of the respective groups 
throughout the experiment. Alterations in the iiinubers of sheep in 
the groups are indicated in brackets at points on the curves when 
reductions occurred. 

The records of the observations of oestrus of individual sheep 
are given in Appendix 1a, Tables IX to XVI, from which Tables 
XVII to XXIV of the appendix have been compiled in order to 
reflect the seasonal sexual activity and the periodicity of oestrus of 
the individuals of each giyiup. 
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It will be observed that dates of slaughter are given in the 
former tables. The, sheep were slaughtered for the examination of 
the ovaries the reports of which are given in this thesis (Experi¬ 
ment 2: The Morphology of the Ovaries of Merino Sheep during 
Anoestrum). 

Table XXV of Appendix 1a has been constructed from Tables 
XVII to XXIV in order to obtain the frequencies of the periodicity 
of oestrus of each of the eight gioups. 

The following Table III of the text has been coini)iled from 
Tables XVIT to XXIV of Appendix 1a, in order to permit a com¬ 
parison of the groups with respect to sexual activity. 

An analysis of the periodicity of oestrus made from Table XXV 
of Appendix 1a is given in Table IV of the text: the two complete 
sexual seas<jns of 193*!j and 1934 have been considered in the analj’sis. 

The effects of the various treatments upon the wool growth are, 
to an extent, unrelated to the main piirj)ose of the experiment, but, 
as the Merino is jirimarily a wool producing sheep, the shearing 
results recorded ,altlu)ugh not com])lete from a wool specialist’s point 
of view, cannot be considered entirely irrevelant to the present study. 
It was thought that the collection of shearing results might suggest 
nutritional problems relative to wool growth. The vshearing data 
of the groups have been ])resented in average figures in Table V of 
the text. It must be pointed out that, in the case of Groups I to V, 
only four mouths of wool growths shorn in 1932 were grown uncler 
experimental conditions; in the cuwse of Groups VI and VII. the 
sheep were drafted into the experiment one month before the 1932 
shearing; while, in the case of Grou]) VIII. the sheep were in the 
experiment for seven months before the 1933 shearing t(K>k place. 

Photographs of the eight groups of sheej) are given in Figs. 1-16. 


iJIscvsston, 

Few observations upon the sexual activity of sheej) have been of 
long duration; studies with Merino sheej) have been continued over 
j)eriods of G and 7 months only (Kiipfer, 1928; Quinlan and Mare, 
1931). 


Little or no attention has been j>aid to the condition or body 
weight of sheep in relation to ovarian activity; generally, regular 
or irregular sexual activity is attributed to good or bad seasons 
respectively. In sheep husbandry, it is contended that ewes should 
“ j)ick uji ” in weight some weeks j)rior to the mating jieriod, and 
the practice of “ flushing ” sheeji in order to increase ovarian 
activity and consequently fertility, is considered to be effective 
(Marshall, 1903, 1922; Potts, 1924; Marshal and Hammond, 1920). 
In this connection, the opinion of Asdell (192(5) is interesting: He 
contends that increase of feed is not a decisive factor, although feed 
supply is certain to have a large influence where the animals are 
bordering on starvation. The remarks of Clark (1934) appear to 
agree in principle with those of Asdell. 
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Sexual Season, 1333. Sexual Season, 1U:14. | Sexual Seasons, 1933 and 1934. 
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♦Note. — {a) In a very small percentajje of cases oestrus recurs after 15, 20, 21 or even 22 days. For the present purpose the period 16 to 19 days 
may be considered the normal pcriotl after which oestrus recurs. 

(6) In the case of Group VIll oestrous observations were commenced during the sexual season 1933. 















Shearing Data. 
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Notb.—( a) The numerals in brackets under the heading “ Grease wool yields,” indicate the number of sheep in the groups at the particular annual 
shearing. These numbers are not repeated in the remaining columns. 

(6) As many sheep were slaughtered prior to the 1934 sheanng, the numbers in certain groups are considerably reduced. 
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Researches upon laboratory animals indicate that deficient 
rations affect the normal cyclical chan^ifes in the ovary (Leob, 1917, 
cit. Marshall, 1922); Papanicolaou and Stockard, 1920; Evans and 
Bischop, 1922; Gilbert and Hart, 1930). Du Toit and Bisschop 
(1929) have observed reduced fertility in cattle, and Bekker (1932) 
in sheep, in phosjihonis deficient areas. Eckles, Palmer, et ah (1935) 
consider that irre^^ularities in sexual activity are due not alone to 
phosphorus deficiency, but to more complex nutritive deficiencies. 
These authors found that, in dairy cattle, uncomplicated phosphorus 
deficient rations do not cause alinormal oestrous ciycles, althou^^h 
such rations do reduce the breeding? efficiency. The following appear 
to be the most important considerations in deficient rations: low 
phosphorus, high ('a/P ration coupled with low phosphorus, low 
protein, and lack ot vitamins. 

The observations reported in this experiment were conducted 
over periods of from 549 to 744 days. 

UnfortuTiately, <lata upon the digestible nutrients of vSoiith 
African feed-stuffs are not obtainable, so that a detailed reflection 
of feed nutrients available to the grou])s of sheep under controlled 
feeding cannot be given. It would be incorrect to <ompute the 
nutritive values of the ]>articular rations upon the basis of such 
standards as that of Henry and Morrison (1923), and to compare 
the ipiaiitities obtained with those considered to be the re(iuirements 
of “ fine wool sheep The composition of American and South 
African feed-stuffs vary considerably (Vipond, 1914), and animals 
under such vastly different conditions may be expected to differ 
in their nutritional requirements. However, Table XXVI of 
A]ipendix l.\ gives the analyses of the feeding-stuff’s used in this and 
other experiments reported upon in this thesis. 

The growth curves in Diagram 2a., constructed on the mean 
weights, illustrate the ability of the rations of G?*oups I to IV to 
maiiitaiii the weights of the shee]i at a level api)roxiniating those at 
the commencement of the experiment. It has been ex])lained that 
the latter weight was a winter weight, one at which, umler practical 
conditions, supplementary feeding of sheep on veld should commence. 

With the excejition of Group IV, there is an insignificant 
difference between the mean weights just ])rior to sheaiing in 1932 
and 1933. This is also true of the post-shearing weights of those 
years. It is evident, Uierefoie, that the slight upward trend of the 
curves is due to wool growth. In Group IV there is a greater 
tendency to maintain w'eight in vspiie of w’ool growth, hence body 
weight could not have iiureased during that ])eriod. 

Groups 1 to IV vshow' a decrease in weight just prior to the 1933 
shearing. This is considered to be the effect of inoculation upcm 
sheep maintained at a low’ level weight for an extended period. The 
decrease is more marked among the w’eakest sheep of Group IV, 

After the 1934 shearing. Groups I to IV show’ more reluctance 
to recover weight than was the ease during the equivalent time of 
the previous year. Again, this is more marked in the case of 
Group IV. 
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The three curves of Groups 1, II, and III are almost parallel 
and, considering: the rations of these groups (Table II), it may be 
said that the addition of bonemeal to the salt lick and the incdusion 
of a protein rich concentrate in the ration, reflects no improvement 
in body weight when a low level ration of maize, teff hay, and salt 
lick are fed. On the other hand, the removal of the maize from a low 
level ration of maize, tett* hay, bone meal, and salt, as in txioup IV, 
eliminates the gradual increase evidenced in the preceding groups 
(Diagram 2a, .r-?/); the graph of the former group tends to remain 
horizontal 

The older sheep in Group V, on a similar ration to that of 
Group I, show great consistency in weight, and there is evidence 
that wool production in such sheep sufters, possibly in order that the 
reduced body weight may be maintained (l\ible V). 

The weight curves of the veld Gixmjis VI, VII, and VllI, 
reflect the reaction of the sheeji to the altered conditions of the 
seas(jns. 

The imi>ossibility of having a control group in the true sense 
of the term has been explained. Group VI on veld sui»plemented 
throughout the year only with a mineral li(‘k of two parts of bone 
meal and one part of salt, must be accepted as a control. Group VI 
attains its highest summer weight during February and Manh and 
it droijs to its lowest winter weight during August. The losses in 
mean weight during the two years are 22-2 and 25*3 per cent, of 
the highest mean summer weights. The mean highest summer 
weight during the better season (1934) is fl pounds greater than that 
of the jjreceding season. 

The effects of feeding a supplementary ration ot maize through¬ 
out the year are leflected in the weight curve of Group VII. In this 
case, the diiferences between the highest summer and lowest winter 
mean weights are 5 S and 10*7 per cent, of the former. 

Supplying green cereal grazing when natural green grazing is 
no longer available, does not entirely eliminate the reaction to winter 
conditions. Hence, in the ca.se of Group VIII, the differences 
between the highest summer and lowest winter mean weights are 
ll-G and 10*0 per cent, ot the former. 

With regard to the above computations of summer and winter 
differences, it must be pointed out that the increase of wool weight 
during the period of about (» months which amounts to from 3 to 0 
pounds (Table V), has not been considered. 

The mean weights of Groups T to VIII at mitical periods are 
given in Table VI of the text. 

The critical periods are those at which the mean weights of the 
veld groups are highest (during February and March) and lowest 
(during July and August), In the non-veld or dry-lot fed groups, 
these seasonal differences are not apparent; in these cases differences 
in weight are due to wool growth. The weights at the critical 
periods are of particular interest in connection with seasonal activity 
and reference will be made to these weights in subsequeni discussions. 
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Table VT. 

Mean Weights at Critical Periods. 


Group. 

1932. 

1933. 

1934. 

July, 

22. 

Aug., 

20. 

Feb., 

1. 

Mar., 

July, 

21. 

Aug., 

31. 

Feb,, 

1. 

Mar,, 

16. 

July, 

21. 

Aug., 

18. 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

I. 

61-4 

63-2 

650 

661 

72*4 

73*2 

61*4 

62*1 

68-7 

67*4 

II. 

61-4 

62-4 

64*3 

64-6 

71-6 

72 8 


60*6 

es-r 

67*3 

Ill. 

61-2 

63-4 

66*8 


73-4 

75*2 

64*9 

64*4 

68-9 

69-3 

IV. 

65 6 

64-9 

65*6 


67*2 

65*9 

56*3 

63*6 

63*7 

59*2 

V. 

80-4 

77*4 

75*7 

73*9 

76*3 

76*6 

69*9 

67*1 

67-8 


VI. 

— 

,— 

KliSI 

82*2 

67*4 

63-3 

83*8 

87*4 

69*4 

64-8 

VII. 

— 

— 

83*4 

86*2 

82-8 

82*3 

92*8 

93*0 

83*6 

82-6 

VIII. 

— 

— 

— 

— 

*81-4 

75*6 

91*4 

90*0 

83*4 

89*5 


In Groups 1 to V, oestrous observations were ooiumeneed during 
the latter part of the sexual season of 1932, in Groups YI and Vll 
approximately 5 wrecks after the termination of the sexual season of 
1932, and in Group VIII approximately three months after the 
commencement of the sexual season of 1933 (Appendix 1a, Tables 
IX to XVI and Tables XYII to XXIY). Oestrous observations in 
all groups terminated during the anoestrous period of 1934-1935. 
Two complete sexual seasons of 1933 and 1934 were included in the 
studies of all groxips with the exception of that of Group YIIl. 

The results of the extensive oestrous observations indicate that, 
under eastern Transvaal conditions, Merino sheep of various ages 
which have been subjected to the treatments indicated, experience 
restricted annual sexual activity, ^t may be said that the sexual 
season commences in February and terminates in August, although 
the duration of the sexual season of certain individuals extends 
beyond these limits (Appendix 1a, Tables IX to XVI). It is to be 
noted that, in the case of the veld groups whicdi react in body weight 
to the altering conditions of the seasons, sexual activity increases 
when body weight decreases during the autumn and early winter 
months, and that, while body W’^eight increases rapidly during the 
spring and early summer mdnths, sexual activity is absent. In the 
case of the controlled fed groups in which very little or no gain of 
body w'eight is reflected, the rhythm of the sexual seasons corresponds 
to that of the former groups. (Table VI and Diagram 2a). 

A conception of the great variation of the extent of sexual 
activity of individuals in all groups can be obtained by consulting 
Tables XVII to XXIV of Appendix 1a. While certain members 
of a group exhibit the ultimate degree of sexual activity expected, 
ethers experience no activity or only 1, 2, or 3 dioestrous cycles 
during a sexual season. By consulting the weights of indivadual 
sheep (Appendix 1a, Tables I to VIII), it becomes apparent that 
the heaviest sheep of any group are not necessarily the most active, 
nor are the lightest the least active. 
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Individual differences of sexual , activity are greater in the 
groups of young sheep^ Groups I to IV, on low level rations, and 
such differences become greater during the second sexual season on 
such rations. Attention is drawn to Sheep No. 29324 which exhibited 
a continuous series of regular dioestrous cycles from the beginning 
of April, 1934, to the middle of January, 1935 (Appendix 1a, 
Table IX). In the more mature sheep on a low level ration, 
individual differences are marked only during the second sexual 
season. 

In tbe case of the sheep on veld (Group VI), individual 
differen(‘es are less marked than in the (tase of the groups on low 
level rations, and, while such differences are not increased during 
the second sexual season, the least active sheep during the first 
season are also least active during the second season. Greater 
individual variation occurs in the group of sheej) on veld 
supplemented with maize throughout the year. Three sheep in this 
group experienced exceptionally short anoeslixms periods during the 
spring of 1934 (Ap])endix 1a, Table XV). In this case t(K), the 
least active during the first season are least aclive during the second 
sexual season. The two least active sheep are not exceptionally 
heavy or exceptionally light in body weight (Ai)pendix 1a, Table 
VII). In the case of Group VJIJ, which was permitted green 
grazing throughout the year, a certain amount of individual variation 
oc'cuis during the first season, but such variation is c'onsiderably 
reduced during the seciond season and, in this chse, the activity of 
the least active sheep during the first season excels that of others 
during the se(‘ond sexual season. One sheep in this group experienced 
a relativelv short anoestrum during the spring of 1934 (Appendix 2a, 
Table XVI). 

Group summaries of the sexual seasons are c‘ontained in Table III 
of the text. 

The sheep in Groups I to IV were 22 months old w’hen they 
were drafted into the experiment towards the end of the sexual 
season of 1932. It is apparent fnonr Table III that the greater 
percentage of these sheep were sexually inactive during the latter 
part of the 1932 sexual season. It will be shown in a subseiiuent 
experiment that only 2(M0 per of Merino sheep at 18 to 23 

months of age experience sexual activity under eastern Transvaal 
conditions (Experiment G). It is seen that lOG per cent, of the 
mature sheep in Group V exhibited oestrus during the latter part 
of the 1932 sexual season. 

The mean duration of the true aiioestrous period is reflected 
only in the case of Group V, in which all sheep were observed to 
have been sexually active (luring part of the prei^eding sexual 
season (1932). However, from the few^ cases in Groups I to IV that 
can be used for a ('comparison, it appears that the anoestroiis period 
at the commencement of the experiment was longer in the younger 
sheep than in the matui'e sheep of group V, the mean (luration of 
the anoestroiis period of which was approximately 130 days. As 
the observations on Groups VI and VII were commenced when all 
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the sheep were in anoestruin, the periods of duration of the 1932- 
1933 anoestrous period cannot be used for comparative purposes, 
although they indicate the total absence of oestrus for the given 
lengths of time (Table III). 

Significant comparisons may be made from the time of the onset 
of the 1933 sexual season up to the termination of the 1934 sexual 
season (Tables 111 and IV of the text), 

1. The results obtained from Gi*oui)s I and II reveal the 
following: — 

{a) During 1933, the mean duration of the sexual season of 
Group 1 is 16*1 days longer than that of Gioup II; in 
the latter group cases of extreme short duration of the 
season occur, lluring 1934, the mean durations of the 
sexual seasons are almost identical, although the range of 
variation is greater in the case of Group I. 

(h) The mean numbers of dioestrous cycles in Group 1 during 
the sexual seasons of 1933 and 1934, exceed those in 
Group II by 1-2 and 1*1 respectively. 

(c) During the 1933 and 1934 sexual seasons, the cases in 
which oestrus recurs after the normal period of 16 to 
19 days, is greater in Gioup I by 7*1 and 8 0 per cent, 
respectively. 

{d) The mean anoestrous period (1933-1934) of Group 1 is 
17*8 days shorter than that of Group II. 

(e) Both groups show decreased sexual activity during the 
second season. 

2. When a portion of the low level maize ration is replaced by 

a protein rich concentrate, cottonseed meal, as in Group III, the 
results as compared to Groups I and II reflect marked reductions in 
sexual activity: • 

{a) The mean durations of the 1933 and 1934 sexual seasons 
are reduced by 51*4 and 55*2 days respectively as com¬ 
pared to Group I and by 35 *3 and 54*3 days respectively 
as compared to Group II. 

(6) The mean number of dioestrous cycles during the sexual 
seasons of 193Q and 1934 are reduced .by 3*9 and 2*6 
respectively as compared to Group T and by 2*7 and 1*5 
respectively as compared to Group II. 

(c) During the 1933 and 1934 sexual seasons, the cases in 
which oestrus recurs after the normal period of 16-19 days 
are 55*2 and 50 per cent, respectively as compared to 
90*1 and 79*6 per cent, in Group I and 83*0 and 71*0 
per cent, in Group II. 

(d) The mean anoestrous period (1933-1934) of Group III is 
of longer duration than that of Groups I and II by 
56*7 and 38*9 days respectively. 

(e) A marked decrease in sexual activity occurs during the 

second sexual season. 
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3. When the maize ration is withdrawn from a low level ration 
of maize, teff hay, bone meal, and salt, after a period of 224 days, as 
in Group IV, no immediate detrimental effects upon sexual activity 
result, but marked reductions in activity are evidenced during the 
next sexual season: 

(a) The mean duration of the 1933 and 1934 sexual seasons are 
158*5 and 43*0 days respectively, the longest duration 
during the latter sexual season being only 117 days. 

(h) The mean number of dioestixjus cycles is 8*9 during 1933 
and only 2*9 during the 1934 sexual season. 

(c) (Considering the two sexual seasons, there is no significant 
difference between the percentage of cases in which oestrus 
recurs after the normal period of 16 to 19 days; the 
peicentages are 83*5 and 84*0 respectively. 

(d) The mean duration of the 1933-1934 anoestrous period is 
298*8 days which is 22*2 days in excess of that of Group I 
and approximately of similar duration to that of Group II. 

(e) As a result of the withdraw*al of the maize portion of the 

low* level ration, sexual activity is greatly reduced during 
the second sexual season. 


4. The results obtained from Group V may^ be compared with 
those of GiH)up I, as the treatments of the groups w’^ere similar. The 
sheep comprising Group I w*ere 22 months old at the commencement 
of the experiment, w*hile the sheep of Group V were mature. 

(«) The mean duration of the 1933 sexual season is 81*5 days 
longer in the case of the mature sheep, but the duration 
of the second sexual season is reduced by IIG days com¬ 
pared to the previous season. The reduction is greater 
than in the case of the younger sheep. 

(h) The reduction of the mean number of dioestrous cycles of 
the mature sheep is from 10*7 to 7*4 during the sexual 
seasons of 1933 and 1934 respectively. On a percentage 
basis this reduction is approximately equal to that 
experienced by the younger sheep in Group 1. 

(c) The number of cases in which oestrus recurs after the 
normal period of 16 to 19 days is 77*5 per cent., which is 
12*6 per cent, less than in the younger sheep. However, 
during the second sexual season, the percentage is 
insignificantly less in the case of the mature sheep, but 
it is significantly reduced in the case of the younger 
sheep. 

(d) The mean anoestrous period (1933-1934) of the matuie 
sheep is only 7.2 days less than that of the younger sheep. 

(e) A marked decrease of sex\ial activity of the mature sheep 
occurs during the second sexual season; reduced activity 
is due largely to the shorter duration of the sexual season. 
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5. The sheep comprising Group VI were maintained on natural 
pasture supplemented only by bone meal and salt. The results 
obtained from this group will be compared with those of the dry-lot 
gioups, and comparisons with the other veld groups will be made 
when the results of the latter are being considered. 

{a) The mean duration of the 1933 sexual season of Group VI 
is 63‘G days less than the longest sexual season of the 
dry-lot groups on low level rations. No explanation can 
be found for this difference. The mean duration of the 
second sexual season of Group VI is 63*5 days longer 
than the longest sexual season of the groups on low level 
rations. The mean duration of the second sexual season 
(1934) of Group VI is 29*2 days longer than the previous 
season. This difference is due to the extension of the 
latter part of the season (Appendix 1a, Table XIV), and, 
w’hile no exact explanation can be offered for this extension 
of activity, it must be remarked that abnormally good 
rains were experienced during the winter and early spring 
months of 1934 (Diagram 1) and that good sheep pasture 
was available by the middle of August, 1934. 

(b) The mean number of dioestrous cycles of the veld group 
during the 1933 sexual season is approximately equal to 
that of sheep on a low level ration of maize and teff hay. 
The mean number of dioestrous cycles of the veld group 
is increased during the second sexual season, while those 
of the groups on low level rations are decreased. 

(c) The number of cases in GiH)up VI in which oestrus recurs 
after the normal period of 16 to 19 days is 85*9 and 
79*4 per cent, during the sexual seasons of 1933 and 1934 
respectively. These percentages are greater than in 
most \ovr level ration groups. 

{d) The mean anoestrous peripd (1933-1934) of the veld group 
is 204-4 days, which is shorter than any of that of the 
low level ration groups. 

(e) Increased sexual activity during the second sexual season 
IS showm by the veld group; this is due largely to the 
longer duration of the sexual season. 

6. The results obtained by constantly supplementing natural 
pasture with maize, as in Group VII, are best compared wuth those 
of the veld group, Group VI. 

(a) The mean duration of the 1933 sexual season of Group VII 
is 25*3 days longer than that of Group VI, but the 1934 
season of the former group is only 15*8 days longer than 
that of the latter group. The mean duration of the 
second season in the case of Gioup VII is greatly 
influenced by a particularly inactive individual. 

(h) There is no significant difference between the mean number 
of dioestrous cycles of Groups VI and VII during both 
sexual seasons. 
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(c) The percentage of cases in which oestrus recurs after the 
normal period of 16 to 19 days is somewhat larger during 
both seasons in the case of (iroup VI. 

(d) The mean anoestrous jieriod (1933-1934) of Group Vll is 
24 days shorter than that of Group VI. 

(c) As in Group VI, the sexual activity of Group VII increases 
during the second sexual season. 

7. The results obtained l)y supplying green feed to sheep 
throughout the year, as in Group V"I11, may be compared with those 
in which no supplementary feed is given, as in Group VI, and in 
which natural pasture is sui^plemented throughout the year with 
maize, as in Gi*oup VII. 

(a) Oestrous observations on Group VIII were commenced on 
1.5.33, or approximately three months after the onset ot 
the sexual season. In spite of this, the mean duration 
of the 1933 sexual season is 91 *9 days. The mean 
durations of the equivalent periods of the 1933 sexual 
season have been computed for Groups VI and VII, and 
they are found to be 87*2 and 80*4 days respectively. 
The mean duration of the 1934 sexual season of Group 
VITI is 230-4 days which exceeds that of Group VI by 
47-2 days and that of Group VII by 31*3 days. 

(6; During the portion of the 1933 sexual season, the mean 
number of dioestrous cycles experien^ced by Group VIII 
is 6*1, while the numbers experienced by GroupsVl and 
VII during the identical period are 5*6 and 5*2 
resi)ectively. During the 1934 sexual season, the mean 
number of dioestrous cycles is 13*3, which exceeds that 
ot Groups VT and VIT by 4*1 and 4*0 respectively. 

(c) In Group Vlll, the percentage of cases in which oestrus 

recurs after the normal period of 16 to 19 days is approxi¬ 
mately 90 and this greatly exceeds the corresponding 
percentages reflected for Groups VI and VII. 

(d) The mean anoestrous period (1933-1934) of Group VIII is 
164*9 days, which is less than that of Groups VI and VII 
by 39*5 and 15*5 days respectively. 

(e) The sexual activity of Group VIII is greatly increased 

during the second sexual season. 

None of the groups subjected to the above treatments experienced 
a continuous series of dioestrous cycles throughout tAvelve months. 
The greatest amount of sexual activity was shown by sheep which 
were permitted green grazing thixmghout the year. The supple¬ 
mentary feeding of concentrates (maize) throughout the year to sheep 
on pasture resulted in some increase of sexual activity as compared 
with the results from unsupplemented pasture. The sexual activity of 
sheep on low level or deficient rations declines as the time of treat¬ 
ment advances. 

It appears from the literature cited that the extreme degree of 
polyoestrum is a breed characteristic of the Merino. However, it 
has not been established what variation of the degree of polyoestrum, 
due to individual differences within the breed, may be expected under 
ideal environmental conditions. 
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Further, evidence available proves that the extent of ovarian 
activity is influenced by environio factors one of which, namely 
nutrition, is of great importance. 

It is highly probable that sheep are far more sensitive to nutri¬ 
tional deficiencies than is at present realised. While ability to 
reflect normal body functions under imperfect nutritional conditions 
for periods of considerable duration, may be an exceptional indivi¬ 
dual characteristic, it must be realised that the majority of sheep are 
unable to experience maximum ovarian activity when they are 
subjected to adverse nutritional conditions, and the reflection of 
such treatment becomes more marked as time progresses. While in 
certain areas, the deficiency of the pasture may be due to the lack 
of one or a few mineral or protein elements, in other areas a more 
(‘omplex deficiency may exist. Although it is contended that farm 
animals seldom suffer from vitamin deficiency, this fact has not 
been established for all areas. Vitamins are essential nutrients for 
all phases of body functions; as Aschheim (1933) iwints out: “ The 
function of the endocrine glands depends greatly upon the presence 
of certain vitamins in the diet 

Conchisions. 

1. The effects of various combinations of low level rations upon 
the sexual activity of Merino sheep were studied. A control group 
on veld and two veld groups, the grazing of which was supplemented, 
were used for comparative purposes. 

The observations were conducted over periods of from 18 to 
26 months. 

The recording of weight data indicated the reaction of bodj^ 
weight to the treatment imposed. 

2. Irrespective of treatmenf, Merino sheep under eastern 

Transvaal conditions experience restricted annual sexual activity. 
The sexual season commences in February and terminates in August; 
the anoestrous period embraces the spring and summer months. 

Great individual differences with respect to degree of imlyoestruni 
are reflected in all groups subjected to the various treatments. 

3. Sheep subjected to low level rations of maize, tefl' hay, and 

salt, which permit them to maintain a weight approximating that of 
their winter condition, do not exhibit marked decreased sexual 

activity during the first 7 to 12 months of treatment, but an abrupt 
decline in sexual activity results after 19 to 24 months and the 
reduced degree of activity is influenced by the quality of the ration. 

{(i) The inclusion of bone meal in the salt lick has no signi- 
fi(*ant effect upon body weight and wool production. 

The addition of bone meal prevents m«nrked reduction 
of the duration of the sexual season, the number of 
dioestrous cycles, and the increase of dioestrous cycles of 

abnormal duration. However, ihe inclusion of bone 

meal in such rations does not ensure ncirmal sexual 
activity. 
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{b) The part substitution of the maize portion of the ration 
with a protein rich concentrate (cotton seed meal), has no 
significant effect u^xm body weight, but a slight improve¬ 
ment upon wool production. 

The alteration results in an earlier decline of sexual 
activity and a very marked reduction of sexual activity 
after 18 months of treatment. The sexual season is of 
shorter duration, the number of dioestrous cycles is less, 
and the number of dioestrous cycles of normal dtiration 
is reduced. 

(c) The inclusion of bone meal in the ration at the commence¬ 

ment of treatment, and the withdrawal of the maize 
portion of the ration after a period of approximately 
7 months, or one month after the onset of the first sexual 
season, results iu a lower constant weight level and a 
reduction in wool yield. 

The reduction in the ration greatly reduces the 
duration of the sexual season and the numl)er of dioestrous 
cycles. 

(d) The sexual activity of mature sheep on low level rations 
is not as readily affected as in the case of younger sheep, 
but, when reduction of activity of the former takes place, 
it is more marked than in the case of younger sheep. 


4. Sheep maintained on natural pasture, react alnuptly in body 
weight and sexual activity to the seasons. The drop in body weight 
is greatly reduced by sui)plementary feeding and better w(K) 1 pro¬ 
duction results. Increased sexual activity is induced by 
supplementing the natural pastures; the degree of improvement 
depends upon the nature of the feed supplied. However, the rhythm 
of the sexual seasons is maintained irrespective of the treatment. 

(a) Sheep maintained on natural pasture attain their highest 
summer weight during February and March and they 
drop to their lowest weight during August; the loss in 
weight my be 2f) per cent, of the highest summer weight. 

The annual wool production may vary by approxi¬ 
mately 2 pounds. 

The sexual activity varies during different sexual 
seasons. It may not greatly exceed that of sheep ou low 
level rations for periods of 7 to 12 months, but marked 
improvement of activity of the former may occur during 
the next sexual season. Under these conditions of treat¬ 
ment, the duration of the sexual season may be G months. 
The specific factors involved have not been identified, 
although it may be remarked that greater sexual activity 
results by the extension of the latter part of the sexual 
season when good rains are experienced during the winter 
months. 
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(b) The supplementary feeding of sheep on natural pasture 
with 8 to m ounces of maize throughout the year, does 
not entirely eliminate the loss in weight during the winter 
months; losses of approximately 6 and 11 per cent, of 
the highest summer weight are experienced. 

While improvement of wool production may be 
expected, high yields of good quality are not constant. 
Other influential factors appear to be involved; these 
factors have not been identified. 

Such feeding tends to increase the duration of the 
sexual season, but it does not result in lengthy sexual 
seasons in all individuals. Under these conditions of 
treatment, the duration of the sexual season may be ()*5 
months. The normal periodicity of oestrus is not ensured. 

(c) When sheep are permitted green grazing throughout the 
year, the loss in weight during the winter months is 
reduced to 12 to 15 per cent, of the highest summer 
weight. 

Improvement of wool production results, but high 
yields of good quality are not constant. 

Under such treatment, sheep experience great 
improvement in sexual activity. ITxe improvement is 
rapid and it becomes more marked as the period of treat¬ 
ment progresses. The duration of the sexual season is 
extended; it may be 7*5 months. A significantly larger 
number of dioestrous cycles is experienced, and, in 
approximately 90 per cent, of cases, oestrus may be 
expected to recur after the normal interval. 

5. The specific factor or factors which determine the existence 
of restricted annual sexual activity in Merino sheep under eastern 
Transvaal conditions have not been revealed by these studies, but 
the latter suggest that restricted seasonal activity is, to some extent, 
influenced by nutritional circumstances. 

(). While the degree of polyoestrum exhibited during sexual 
seasons may be influenced by individual differences, it is apparent 
that nutritional factors play an important rfde. Improved treatment 
appears to induce greater sexual activity and to shorten the duration 
of the anoestrous period. Marked stimulation of ovarian activity 
results by permitting constant green grazing: this fact suggests the 
importance of the essential vitamins. 

7. Sheep maintained on deficient rations for long periods of 
time suffer from complicated nutritive deficiency which inhibits 
normal ovarian activity. The availability of adequate quantities of 
phosphorus in the form of bone meal lick, does not result in normal 
sexual activity. 
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Experiment 1b. 

High. Planea of Nvtrition in Dry-lot compared to Sappleinented 

Pastnre. 

The results obtained from the observations in Experiment Ia, 
indicated the need for studying: the sexual activity of Merino sheep 
under the same climatic conditions when hig:h planes of nutiition are 
allowed. Also, the exceptionally poor results reflected by sheep the 
ration of which contained cotton seed meal (Experiment 1a, Group 
III), sug'^ested the inclusion of tests upon the more commonly used 
protein rich concentrates such as: cotton seed meal, peanut meal, 
and blood meal. It may be said that information relative to the 
value of these protein rich concentrates is of particular interest to 
stud owners in areas where leguminous roughaj?es cannot be grown 
with success, and where non-nitrogenous roughages and concentrates 
are the farm feeds most successfully produced. 

The experiment was commenced on November oth, 1934, and 
the results of 12 months are available. It may be said that it is in 
the interests of the experiment to extend the observations over a 
further period of a< least 12 months; these results will be published 
in a subsecpient issue of the Onderstepoort Journal. 

The following general outline indicates the plan of the 
experiment: — 

(a) The feeding of maize with teff hay and a salt lick. 

(1) Group 1: no nitrogenous supplement. 

(2) Group II; supplemented by cotton seed meal. 

(3) Group III: supplemented by peanut meal, 

(4) Group IV: supjdemented by blood meal. 

ib) On natural jiastuie: Group V: supplemented by a bone- 
meal and salt lick and green cereal grazing during the 
w’inter months. 

Each of the alnive groujis consisted of ten Merino ewes of good 
type and approximately three years of age. 

The ewes were taken from the R-esearch Station’s available flock; 
consequently, their breeding histories were not known. They were 
shorn just previous to their inclusion in the experiment, hence their 
entire wool growth was made during experimental treatment. 

As indicated in a previous section (Experiment Ia), data upon 
the digestible nutrients of South African feedstulfs are not available, 
III consequence, the nutritive requiiements of the sheep could not 
be computed. In the case of Group I, the quantity of maize fed 
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was based i^ou the reaction to maize feeding reflected in Experiment 
1a, Group VII. Although, for reasons previously stated, the diges¬ 
tibility of South African feed-stuffs cannot be accepted to be 
similar to that of American feed-stufls, the tables of digestible 
nutrients given by Henry and Morrison (1923) were the most suitable 
guide in compiling the concentrate constituents of the rations of 
Groups II to IV. It was endeavoured to compound the rations so 
that the crude protein and total digestible nutrients of all lations 
w'ere as nearly as possible equal. In the case of Group I, the ration 
of which contained no protein rich supplement, the <*rude protein 
content of the ration is low. The following Table I indicates the 
details of the rations fed to the groups. In connection with the lick 
consumption, it must be pointed out that the lick was supplied ad lib. 


Table I. 
The Rations, 


Daily ration of concentrates, 
roughage and lick per sheep per day. 


DigeUible nutrients in 
concentrate portion of daily ration. 


Group. 

Maize. 

Cotton 

-seed 

meal. 

Pea¬ 

nut 

meal. 

Blood 

meal. 

Teff 

hay. 

Salt. 

Crude 

protein. 

Carbo¬ 

hydrates. 

Fat. 

Total 

digestible 

nutrients. 


oz. 

oz. 

oz. 

oz. 

lb. 

oz. 

lb. 

lb. 

!b. 

lb. 

I. 

8 

— 


— 

2 5 

0 19 

0 0385 

0 3305 

0 2300 

0 4210 

II. 

4 

n 


— 

2 5 

0 25 

0 1172 

0 2446 

0 0.357 

0-4424 

Ill. 

5 



— 

2 5 

0 23 

0 1246 

0 2412 

0 0.373 

0-4678 

IV. 

6 



3 

2-5 

0*24 

01606 

0 2512 

0 0192 

0-4550 

V. 

66 

H 

H 

H 


0 23 

— 


— 



All issues of lick w’ere made as required and they were entered on 
the feed-room record sheet. 

Hue to the severity of the winter months, Group V could not 
be given green cereal for two hours daily throughout the winter 
months, so that it was necessary to resort to supplementing the 
natural pasture by maize ipr short periods. 

The particulars of the management of Group V are as follows: — 

(1) 5.11.34 to 6.5.35 on natural pasture without supple¬ 

ments. 

(2) 7.5.35 to 17.8.35; on natural pasture with cereal 

grazing for 2 hours daily. 

(3) 18.8.35 to 4.9.36; on natural pasture with 6 oz. maize. 

(4) 5.9.35 to 7.10.35; on natural pasture with cereal 

grazing for 2 hours daily. 

(5) 8.10.35 to 31.10.35: on natural pasture with 6 oz. maize. 
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The details of g-eneral management of these groups were iden¬ 
tical to those of the groups of Experiment 1a, and the methods 
employed have been given under the section of Experimeni 1 dealing 
with such matters. 


Remits, 

The weight data of (jrou])s I to V, taken at 14-day intervals, are 
given in Appendix Iw, Tables I to V, from which Diagram 2n has 
been constructed. 


Diagram 2b. 



Mean weights of groups at 14 day intervals. 


The results of the oestrous observations on the five groups ot 
sheep are given in Ai)pendix In, Tables VI to X. The results ob¬ 
tained from individual sheep have been analysed and the data of 
interest have been included in the latter tables. These data have been 
condensed in Table II of the text in order to permit a comparison of 
the groups. 
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The fihearinj? results obtained from the groups are given in 
Table III of the text. 

Table III. 

Wool Pvodvction . 


Group. 

No. 

of 

sheep. 

Grease wool 
Yield. 

Staple length. 

Tensile 
strength 
No. of 
sound 
fleeces. 

Spinning quality 
frequencies. 

Range. 

Aver- 

age. 

Range. 

Aver¬ 

age. 

60s. 

64r. 

70s. 

74s. 



Hi. 

lb. 

ins. 

iits. 






1.... 

10 

5 ;j- 8 1 

7-4 

2 00-2-70 

2-5 

10 

_ 

•2 

8 

_ 

IT... 

10 

6-6-12-4 

9 2 

2-.'50-.3 00 

2-8 

10 

— 

2 

7 

1 

Ill .. 

10 

55-110 

8-2 

2*25-3 00 

2 6 

10 

— 

5 

5 

— 

IV... 

10 

8'5-ll-8 

10 0 

2-50-3 0f» 

2-8 

10 

1 

9 

— j 

— 

V.... 

10 

fl-3- 9 7 

8-0 

2-25-3-00 

i 

2-6 

10 

1 

— 

9 

1 

1 


Photographs (»f the five groups are given in Figures 17 to 21. 


Discussion. 

The reactions oi (ijoups 1 to IV to the altered condi¬ 
tions of dry-lot feeding are refle(‘ted in the reduction in weights 
during the first 28 days of the experiment (Diagrain 2ii). The sheep 
on pasture, (Iroup V, show an in(*rease in weight during that period; 
this may i)e expet tecl of such sheep during November and December 
of a good sheep year (Diagram 1). During the remainder of the 
experimental period, Grouii T maintains a fairly constant mean 
weight; the temporary abrupt decline early in May is a reaction to 
the commencement of the winter conditions, but it has been seen 
that supplementary feeding was started on 7 May, l9*lo, hence the 
response to the treatment was immediate. Subsequent slight fluctua¬ 
tions in weight evidenced during the latter part of August may be 
expected during severe winter conditions. Although Group V 
attained a maximum mean weight of only 74 pounds, for practical 
purposes it would be considered that they maintained a satisfactory 
weight level for normal body function and prodm tion. The sheep 
did not lose weight as was evidenced in the groups on jiasture in 
Experiment 1a (Groups VI and YIII). 

The dry-lot fed groups reflect greater gains in weight. Group I, 
on a maixe ration unsupplemented by a protein (loncentrate, made 
gradual gains in weight; the levels of 70 and 79 pounds were attained 
10 weeks after the protein supplemented ration groups reached those 
levels, while tlie mean weight of the former immediately prior to 
shearing was from 3 to 5 pounds less than that of the latter 
groups. There is no great difference between the weight curves 
of Groups IT, III, and IV. The group receiving blood meal as a 
supplement, Group IV, made slightly faster gains during the first 
six months of the experimental period, but subsequently the weight 
curves are almost identical, although the group receiving peanut 
meal as a supplement. Group III, shows a greater tendency to main¬ 
tain its weight just prior to shearing, and the post-shearing weight 
of the latter group is 4 pounds less than that of Groups II and IV. 
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The wool production results (Table III) are of interest, not only 
from a point of view of the production efficiency of the treatments, 
but also as they may indicate whether treatment or rations which 
are satisfactory from a wool production aspect^ are as efficient with 
respect to the functions of the body concerning reproduction. 

In spite of the greater body weight gains of Group 1 as com¬ 
pared to those of Group V, the w^ooT production of the former is 
below that of the latter in every respect. Obviously, significant 
differences exist between the wool pioductions of Groups 11, III and 
IV. The production of Group III is seen to approximate that of 
the veld group, Group Y, although the former contained more fleeces 
of lower spinning qualities. The wool production of Groups 11 and 
IV are considered excellent for sheep of that type; the number of 
high spinning quality fleeces in Group II and low^ spinning quality 
fleeces in Group IV is a point of interest. 

It may be said that wool production is improved by the inclusion 
of cottonseed meal and blood meal in the carbonaceous lations of 
Merino sheep, while the results obtained by feeding a high level 
carbonaceous ration are not as satisfactory as those reflected by 
Merino sheep under good farm veld management. 

The details of the results of the oestrous observations and the 
analvses of these data reveal interesting facts (Appendix la. Tables 
VI to X). 

It is obvious that all groups w^ere in anoestnnu during 
November, 1934, not a single occurrence of oestrus was observed 
during that month. 

The sexual season commenced during December and, excluding 
a small percentage of cases, 8 per cent., the sexual season is re- 
stricted. In this connection particular attention is drawn to the 
marked individual differences which occur in the duration of the 
sexual season in all groups; wdiile*18 and 19 dioestrous cycles were 
experienced by certain individuals in the various groups, others in 
the same groups experienced only 2 and 3 dioestrous cycles. Men¬ 
tion of similar individual differences was made in discussing the 
results of sheep on low’ level rations in Experiment 1a. 

Table II of the text presents a summary with respect to the 
sexual activity of the groups. 

It is seen that the group on a concentrate ratioil consisting of 
maize only, Group I, and the veld sheep. Group V, experien(*ed 
longer delay in the onset of the sexuol season than did Groups II, 
III, and IV. 

Previous reference has been made to the range of variation 
which exists in all groups wdth regard to the number of dioestrous 
cycles experienced and the duration of the sexual season. Group 
III, receiving peanut meal as a supplement, experienced most di¬ 
oestrous cycles, 12*8, and the mean duration of the sexual season is 
longest, 229 f) days, the latter being 26 and 20-1 days longer than 
those of Groups II and IV respectively. The equivalent data of the 
veld sheep. Group V, do not differ greatly from that of Group IV* 
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While Group I experienced an average of 11 2 dioestrous cycles, the 
duration of the sexual season was only 186*1 days, or 15*7 days less 
than that of the veld sheep and 43*5 days less than that of the group 
in which the sexual season was of longest duration. The last columns 
reveal that increased duration of the sexual season of Group III 
must be attributed to the extension of the latter part of the season. 
It is apparent that a similar extension in the case of Group V was 
responsible for the comparatively long season of this group for, as 
previously stated, the onset of the season was delayed. In this latter 
respect the seasons of Groups I and V" may be compared. The shorter 
season of the former group is due to the termination of the sexual 
season at an average periocl of 107*3 days before the end of the obser¬ 
vation period. It is well to remark at this point that the winter 
conditions during 1935 were particularly severe, and that, during the 
latter part of winter, low and high temperatures were experienced 
while spring rains were exceptionally late. It can only be suggested 
that the jieriodic grazing on green cereals of sheep in satisfactory 
winter condition, results in comparatively favourable sexual activity, 
as reflected in the number of dioestrous cycles experien(‘ed and the 
extension of tlie sexual season. In the case of Groups II and JX, 
the average duration of the inactive period following the sexual 
season is 16*f) and 26*2 days longer than that of Group III. 

The data lelative to the peiiodicity of oestrus in Table II of 
the text have been analysed and presented in Table IV. It is seen 
Dial oestrus recurred with greatest legularity in Group I, the range 
of the duration of the dioestrous cycles is nairowest, and, in as great 
a number as 95*1 per cent, of cases, oestrus recurred after !(> to 19 
days. The latter percentages in the cases of Groups II, III, and TV 
reveal insignificant differences bet\\een these three gioiii>s. The 
ecjuivaleiit resnlt in Gnm]) \, 77*3 per cent., is (onsiderably below* 
that of the other groups. Dioestrous cycles, the duration of which 
are multi])les of that (d the normal cycle, (anuot be said to occur 
during the fiist or last part of the sexual season; the distrilmtion of 
such abnormal cy(‘Ies very general and ihere appears to be no 
relationship between tlieir occurence and the extent of sexual activity 
during the sexual season (Appendix In, Tables VI to X). 

T.aulk IV, 


The Penodicifi/ of Oestnts. 


Group. 

Total No. of 
inter-oestrous j 

periods. 

i 

Kanpe of periods 
after which i 

oestrus re<’urred 

Percentage of cases 
in which oestrus 
recurred after a 
period of 

16-19 days. 



days. 

Per cent. 


102 

16-49 

951 

JI. 

103 

10-70 

82-5 

Ill. 

118 

14-70 

83 0 

IV. 

02 

13-168 

81-3 

V. 

97 

14-52 

77-3 
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Ifo explanation can be given for the failure of oestrus to recur 
with greater consistency; nor is it possible to attribute the signifi¬ 
cant differences of the irregularity between groups to a specific factor 
or set of factors, (riant (1934) has pointed out that, when oestrus 
observations are made only once daily, failure to observe oestrous 
periods of short duration may result. From the results of Experi¬ 
ment 3 of this thesis, it would appear unlikely that a large per¬ 
centage of oestrous periods would not be detected by testing for 
oestrus at 24-hour intervals. 

Previous mention has been made of the i)resence of sheep in all 
groups, the number of dioestrous cycles of which is considerably 
less than that of other members of the groups. By examining the 
data, it is found that in several cases the least active sheep are the 
lightest sheep in their groups. However, the relationship does not 
hold good for all cases. Table V of the text has been constructed 
from Appendix In, Tables I to X in order to present this aspect. 
As the groups were subjected to dilferent treatmenis for approxi¬ 
mately 12 months, the average initial weight of all groups is best 
used as a basis for classifying the light and heavy weight members 
of each grouji. It is seen that, in the cases of (Jroups I, II, and IV, 
the mean number of dioestrous cycles expeiienced by tlie ligliier 
sheep is 4*4, 3 (I, and 4-9 less respectively than that of the heavier 
sheep; in Groups III and V the equivalent differences are only 1*7 
and 1*5 respectively. Also, it becomes obvious that the mean num¬ 
bers of dioestrous cycles experienced by the lighter sheep are less 
than the averages for the jiaiticular groups. Ilowever, attention is 
drawn to the fact, as indicated by the range of variation of tlie 
number of dioestrous cycles, that in all gjoups individuals of light 
body weight experienced larger numbers of cycles than the mean 
value of the particular group. 

Table V. 


IRelation betfreen Bodjj Weight and Sea^ind iXciinty, 


Group. 

i 

No. of sheep 
above (a) and 
below (6) 
average 
initial weight 
of 63-5 lb. 

No. of dioes 

Range. 

troii8 cycles. 

Average, 

Average No. 
of dioestrous 
cycles of the 
grou^w. 

I («). 

5 

10-18 

13-4 

11-2 

(6). 

5 

2-14 

9p 


n (o). 

0 

2-19 

12-5 

11-3 

(6). 

4 

6-15 

9*5 


Ill (a). 

6 

10-16 

13-5 

12-6 

. 

4 

S-18 

11-8 


IV (o). 

6 

5-17 

11-8 

10-2 

(6). 

4 

3-13 

7-8 


V («) . 

6 

7-17 

11-3 

10*7 

(6).... 

4 

4-13 

9-8 
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Attention is once more drawn to tlie fact that the licks of the 
sheep in this experiment consisted only of salt, bone meal being 
excluded. The salt consumption varied from 0-19 to 0*25 ounces 
per sheep per day. However, although the mineral content of the 
rations of the different groups varied, each content of the rations 
<*onlaining nitrogenous supplements was appreciable, especially in 
the case in which cotton seed meal Avas fed (Group II). The analyses 
of the feed-stuffs used are given in Appendix 1a, Table XXVI. 

Special reference is made to the results of sexual activity 
obtained when cotton seed meal was fed in a low level ration (Kx- 
])eriiuent 1a, Group III). In this case, reduced sexual activity was 
observed within the first 12 months of treatment and, during the 
second sexual season, activity was reduced to a very great extent. 
In this experiment, In, Gump II, no detrimental effects are evi¬ 
denced during the first 12 months as a result of the inclusion of 
cottonseed meal in a high level ration. 


ConchtaionH, 

1. The effects ui)on the sexual activity of Merino ewes 
of ihiee niirogenous c<inceii< rates fed as supplements in high 
level rations were studied over a period of 12 months. The results of 
such treatments have been compared to that in which no nitrogenous 
suppUMueut was included, and to that of sheep maintained on veld 
with good range management. The effects of all treatments upon 
body weight and wool production have been analysed. 

2. Witli respect to body weight gains, cottonseed meal, peanut 
meal, and blood meal are suitable supplements to maize and teff hay, 
as such rations induce greater increase in weight than does a ration 
consisting of maize as the sole concentrate, or does natural pasture 
which is sup])lemeuted according to geneial range management, 

Jl. The inclusion of cottonseed meal and blood meal in the ration 
improves wool pi’oduction; the addition of peanut meal gives similar 
results, as does good range management; and the feeding of maize 
and teff hay without a nitrogenous supplement results in reduced 
wool yields. 

4. Sheep subjected to high planes of nutrition, including 
adequate quantities of nitrogenous supplements, experience restricted 
annual sexual activity, although the additions of the supplements 
lengthen the duration of the sexual season. 

(«) Sheep under good range management experience 10-7 di- 
oestrous cycles during a sexual season of 201*8 days’ 
duration. 

(5) Sheep on a ration of maize and teff hay experience 11*2 
dioestrous cycles during a sexual season of 186*1 days' 
duration. 

(e) Sheep on a ration of maize and teff hay, supplemented by 
cottonseed meal, experience 11*3 dioestrous cycles during 
a sexual season of 203*6 days' duration. 
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(d) Sheep on a ration of maize and tefi hay, supplemented by 
peanut meal, experience 12*8 dioestrous cycles during a 
sexual season of 229-6 days’ duration. 

(e) Sheep on a ration of maize and tefif hay, supplemented by 
blood meal, experience 10-2 dioesirous cycles during a 
sexual season of 209 *o days’ duration. 

5. The duration of the sexual season and the number of di¬ 
oestrous cycles of sheep receiving adequate quantities of nitrogenous 
supplements, are as variable as in the case of sheep on a highly 
carbonaceous ration or of sheep whi(‘h are given good range manage¬ 
ment. 

6. The sexual activity of sheep which are in poor condition, as 
reflected by body weight, is less than that of sheep which are well 
c:onditioned. This fact is largely responsible for the great individual 
difference with respect to degree of sexual activity. 

When a limited number of dioesirous cycles is experienced by 
individuals, such cycles occur either at the beginning or about the 
middle of the sexual season. 

7. The failure of oestrus to recur with regular ])eiiodicity 
occurs during all stages of the sexual season, and ‘‘ silent ” oestrous 
periods are experienced by the most active as well as by the least 
active sheep. 

Jfo explanation can be offered for the occasional absence of 
oestrus and for the significant differences of such absence whi(‘h is 
apparent in groups of sheep subjected to various treatments. 
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Experiment 1a. 



Fig. 1.—Group 1: 22.9..‘i3. 



Fig. 2.—Group 1: 31.8.34. 



Fig. 3.—Group II: 22.9.33. 
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.Experiment 1a, 



Fig. 6.--Group III: 31.8.34. 
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ExFBmn^nBNT 1 a. 
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Fig. 9.—:Groiip V: 22.9.33. 
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Fig. 10.—droup V; 31.8.34. 
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Experiment 1a. 



Fio. in. -Group Vn : 22.9.33. 



Fig, 14,“'Group VJJ : 31.8.34. 



Fig. 15.-~Group VllI: 22.9.33. 
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ExPBfilMBNT 1a. 



Fig. 16.—Group VIII: 31.8.34. 


52(i 






LVCIKN I.. HOUX. 


Experiment 1b. 



Fig. 17.—Group I : 23.7.36. 



Fig. 18.—Grouii Jl: 23.7.36. 
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Exferimekt 1b. 



Fig 20.—Groiip IV: 23.7.35. 
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EXPERIMENT 2. 

The MoiinioLOGY or the Ovaries of Merino Sheep 

DUIUNG AnOESTRUM. 

The object was to stii<ly the iiioipliolooy of the ovaries of Merino 
sheep durinjy anoestniin. 

Materials and Methods, —Sixty-nine Merino flock sheep were 
slaughtered for luacToscopical examination of the ovaries. 

The sheej) utilized constituted a number of groups which had 
been under observation in experiments relevant to the present study. 
Delailsof the tieatinents to which the various groups were subjected 
and their reactions, especially the historv of theii sexual activity, 
may be found by consulling Experiment 1a of this thesis. However, 
brief extracts have been made for imwporation with the data of 
this experiment in order to facilitate the necessary assot'iation be¬ 
tween the experiments. In (irouj)s I to VTTI of this experiment, 
the same order of individuals am! groups has been maintained as 
that occurring in Experiment 1a. 

All sheej> slaughtered had not shown oestrus^ for a period 
e([uivalent to at least two dioestious cycles of normal duration; the 
majority of sheep were slaughtered li to 4 months after their last 
exhibition of oestius; in some exceptioiml cases no sexual season 
had o(*curred and oestrus had not been observed for over a year. 
Due to existing circumstances, not more than four sheep could be 
slaughtered weekly, so that a more definite system of slaughtering 
inditiduals from each of the gioups at s])ecifi«‘ intervals during 
anoestrum was not jmssible. Wlien selecting sheej) for slaughter on 
a ])arti<'ular date, it was attempted to obtain cases the inactive periods 
of which were, as nearly as possible, multiples of a normal dioestrous 
<ycle. 

The shee}) were starve<l tor 12 to 14 hoins, at the end of which 
period they were weighed and slaughtered. Immediately after 
slaughtering, the uteri and ovaries were removed by dissecting along 
the margins of these organs. The ovaries were platted in small 
spe<*imen dishes on moist blotting paper on which details for identi- 
fl(‘ation had been noted. The uteri were placed in large specimen 
(lishes on nunst blotting paper on which the numbers of the ew’es 
were lecorded. The specimen dishes w’ere (‘overed until tlie w^eighing 
and measuring of the organs were undertaken and this was com¬ 
pleted within an hour after slaughtering. 

The procedure of examining the uteri and ovaries was as follows: 
The uteri W'ere weighed and they were then placed in specimen bottles 
(*ontaining Jore’s solution, and on which particulars of identification 
were noted. The ovaries were w’eighed and returned to the specimen 
dishes. The macroscopical examination of individual ovaries was 
undertaken. Measurements were made as follows; (1) length from 
pole to pole, (2) depth from the attached to the free border, and 
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(3) width from the median to the lateral face. Three readings were 
taken of each dimension and the aveiage of the three readings was 
recorded. The surface of the ovary was carefully examined and 
described with respe(*t to the number and size of Graafiian follicles 
present, the presence or absence and size of corpora lutea, and rem¬ 
nants of previous corpora lutea. The ovary was sectioned along 
its length from pole to pole, care being taken to observe the presence 
and the nature of fluid liberated. When follicles and corpora luiea 
were sectioned, detailed descriptions of these were made. The sec¬ 
tioned ovary was held up to the light in order to obtain a second 
count of the Graafian follicles and to ascertain whether any small 
corpora lutea had remained hidden below the surface of the ovaiy. 
In cases in which the section through the length of the ovary was 
not sufficient to expose objects of interest, fuither sections were made. 
Directly after the examination of an ovary was completed, it was 
placed in a specimen jar containing Jore’s solution and on which 
particulars of identification were noted. 

The uteri and ovaries were forwarded to the Director of 
Veterinarj' Seivi(‘es, OnderstejMMU’t, Pretoria. The histological exami- 
nalions of these specimens will be reported upon as a separate study. 

liestflfjt. 

As previously indicated, the sheep used in this experiment were 
obtained from other experiments reported upon in this tliesis; hence 
Groups I to VIII correspond in identical order lo Groups I to VIII 
of Experiment 1a. In order to facilitate reference to the treatment 
of the groups, Table T of the text is presented in ronjuiu'tion with 
the results of this experiment. 

Table 1. 


The Treatment of the Grovps, 


Group. 

Oestrous 

observations 

commenced. 

t 

Treatment (rations per shwp per day). 

No. of 
sheep 

slaughtered. 

I. 

24. 7..32 

Dry-lot: Maize, 4 oz.; teff hay, 2 -5 lb.; bone- 
meal and salt ad lib. 

9 

IT. 

24. 7.32 

„ Maize, 4 oz.; teff hay, 2 5 lb.; salt 

' • ad lib. 

10 

Ill. 

24. 7.32 

„ Maize, 2*7 oz.; cotton seed meal, 1*3 

oz ; teff hay, 2 *5 lb.; salt ad lib... 

9 

IV (a) 

24. 7.32 

„ Maize, 4 oz ; teff hay, 2 >5 lb.; boncmeal j 

and salt ad lib. 


, (fr) 

2. 3.33 

„ Teff hay, 3 lb.; bonemeal and salt ad lib 

9 


24. 7.32 

„ Maize, 4 oz.; teff hay, 3*0 lb.; bone- 

meal and salt ad lib. 

7 

VI. 

7.10.32 

Pasture: Bonemeal and salt ad lib. 

9 

VII. 

7.10.32 

„ Maize, 8<-12 oz.; bonemeal and salt ad lib 

7 

VIII.... 

I. 5.33 

„ Bonemeal and salt, green grazing during 

winter. 

9 


Note. —Although the above Group? 1 to VIII each contained 10 sheep at the com- 
mencenient of the observations, in certain instances individuals died during 
the period of the experiments, and in other instances oestrus occurred after 
relativeiyi ehort anoestrus periods. 
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The detailed results of this experiment are given in Appendix 2. 
Complete details of the results of the nia(;rosoopical examinations of 
the ovaries are outlined, while, in each case, brief sexiial histories, 
extracted from Experiment 1a, have been appended (Experiment 1a, 
Appendix 1, Tables IX to XXIV). 

The data recorded in Ap])endix 2 have been compiled in Tables 
II to X of the text in order to reflect the results of the examinations 
of the ovaries more clearly. It must be understood that the counts 
of the number of (fraufian follicles present were obtained without 
the use of magnification. 


Discussio'n . 

'rhe liritish breeds of sheep experien(*e an aiioestrous period in 
their home country and abroad during the spring and summer 
months (Heape, 1901; Marshall, 1993, 1922; Marshall and Ham¬ 
mond, 1920; Jloberts, 1921; Cole and Miller, 1933; Grant, 1934). 
Although Guinlan and Mare (1931) found that Merino sheep under 
South African Karroo (‘onditions exxjerience a continuous series of 
dioestious cycles throughout the year, Kiipfer (192S) observed that, 
in the western Free State, South Africa, Merino and Woolled Per- 
sion sheep enter a sexually inactive peiiod during the late winter 
mouths. 

The oestrous observations carried out on the sheep slaughtered 
for this ex])erimenl, indicate that the sheep had experienced definite 
]»eriods of seasonal sexual activity and inac tivity. The sexual seasons 
of the sheep have been discussed in the report of Experiment 1 a. 
It has been indicated in a previous section of the report of this 
experinmnt that all sheep were in anoestrum at the time of slaughter. 

No pievious recoids upon the weights of the uteii of sheep are 
available. 

The weights and measurements of the ovaries of Merino sheep 
during the ovaiian <*ycle are given by Quinlan and Mare (1931), who 
found that . the ovaries are lightest just subsequent to ovula¬ 

tion and heaviest when the corpus luteum (1) reacjhes its maximum 
development, that is, from the sixth day of the interoestiou^ 
l)eriod These investigators found that the liglitest ovaries 
weighed () ()7 and ()T)3 gins,; the heaviest weighed 2*2i) gms, on 
the loth day of the interoestrous period: and an (»vary containing 
a corpus luteum measuring 1’2x1*0 cm. on the 13th day of the 
interoestrous period, weighed 1 *98 gms. Further, it is indicated that 
the size of the ovaiy is greatly affected by the size of the cor])Us 
luteum and to a smaller extent by the size of Graafian follicles. It 
is stated with regard to the latter, that rapid follicular development 
occurs during the first few days after ovulation, when follicles 
measuring 0*75 to 0*80 cm. may be found. Grant's (1934) observa¬ 
tions on Scottish sheep led to the conclusion that follicular develoi>- 
ment during the earlier part of the interoestrous period is less rapid. 
It appears from the data of the former authors that mature follicles 
in the ovaries of Merino sheep measure about 0*8 t<i 1*0 cm. 
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Tabijb VI. 

(^fo\ip T ’.—Muvrosvopic E,raminntion of the Ovaries. 
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SKX PHYSIOJ.OOY OF SHEEP. 


In discusaiiiij: the results of the exa mi nation of the ovaries of 
(he sheep in this experiment, it appears best to consider each of the 
groups separately at first, as the various groups were subjected to 
different treatments w'hile under observation in Experiment 1a. 

Group 7.—The group was maintained on a low level ration of 
maize, teff hay, bonemeal and salt (Table I). 

The results of the macroscopic examinations of the ovaries are 
given in Table II of the text; the weights of the uteri have been 
included. 

No marked relationship exists between body weight or condition 
and the weight of the uterus, although the uterus of the lightest 
and a poor conditioned sheep, No. 29851, weighed only 15*5 gins. 
On the other hand, it must be pointed out that the uterus of another 
sheep in poor condition, sheep No. 29828, weighed 2()-5 gms.; how¬ 
ever the live weight of this sheep exceeded that of the former sheep 
by 10*5 lb. It is of interest to note that the periods betw’een the 
last oestius observed and the date of slaughter of these sheep w-ere 
111 and 98 days respectively. 

The majority of the ovaries weigh less than the lightest ovaries 
observed by Quinlan and Mare (1931) in Merino sheep: the sizes of 
the former are also somewhat less than those of the latter. Although 
some of the smallest and lightest ovaries contain only a small number 
of (Iraafian follicles, other light ovaries contain even more follicles 
than the heaviest and the largest. Most follicles are small and, 
although follicles measuring 0-5 and 0 (1 cm. are present, none were 
considered to he approaching maturity. The poor conditioned sheep 
had light ovaries, but the two ovaries of each sheep contain between 
8 and 15 follicles; in one case the largest follicle measured 0 5 (in. 

The fact that no corpus luteuni was present in any of the ovaries 
indicates that ovulation had not occurred recently. 


Group 77.—The group was maintained on a low level ration of 
maize, teff hay, and salt (Table I). 

The results of the macroscopic examinations of the ovaries are 
given in Table III of the text; the weights of the uteri have been 
imduded. ♦ 

(^considerable variation exists betw^een the weights of the uteri 
of the sheep in fair and giKid condition, the range being from 18*5 
to 40*0 gms.; however, the sheep in poorest condition (44 lbs.) had a 
uterus weighing only 15-5 gms. 

Fifty per (^ent. of the ovaries may be considered light in w^eight 
and of small dimensions, the remainder more nearly approach those 
at particular stages described by Quinlan and Mare (1931). It is 
obvious from the table, that the larger and heavier ovaries are those 
containing corpora lutea; also, it is apparent that the latter ovaries 
have more numerous follicles, although they do not all contain com¬ 
paratively large follicles. 
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The presence of' the corpora liitea indicate that ovulation had 
occurred recently, althou^^h it must be pointed out that in no case 
is there a se<ond corpus luteum present, indicating that the last ovu¬ 
lation was not preceded by an -ovulation. In such instances, ovula¬ 
tion must have occurred without the exhibition of oestrus, as, in 
such cases, tlie periods between the last oestrus observeil and the 
date of slaughter ranged between 92 and 1G4 days. 

Grtnip ///.—The group was maintained o?i a low^ level ration of 
maize, cotton seed meal, tett* hay, and salt (Table I). 

The results of the macroscopic examinations of the ovaries are 
given in Table JV of the text; the weights of the uteri have been 
included. 

The weights of the uteri range between IS o and 27*0 gins, and 
the weight of the uterus of the poorest conditioned sheep exceeds 
that of the average <d‘ the group. 

The weights and the dimensions of the ovaries vary considerably; 
only the largest ecjual the lightest of those at jiarticular stages 
described l)y Quinlan and Mart* (UKll). One of the heaviest and best 
conditioned shee]i, No. *12495, is seen to have light ovaries containing 
relatively few (Iraafian follicles. 

In two cases, small c<n])oia lutea are present, so that ovulation 
ha<l occurred in each case; however, no evidence of a preceding 
ovulation exists. The ovulations occurred without the exhibition 
of oestrus and it is to be noted that in one ca>e. Sheep No. 3549S, 
fiestrus had not been observed for 405 days. 

Group /r. —The group was maintained on a low level ration of 
telf hay, and salt (Table Ij. 

The results of the macroscf^pic examinations of the ovaries are 
given in Table A' <»f the text; the w*eights of the uteri have been 
included. 

The weights of the uteii do not vary a great deal, the range 
being 15*0 to 24*0 gins. 

In the majority of cases, the ovaries are small and light in 
weight. AVhile the follicles are small, appreciable numbers are 
present in most ovaries. 

No corpora lutea are present, indicating the absence of recent 
ovulations. The periods between the last oestrus observed and the 
date of slaughter, range between t>(> and 40G days. 

Group T\—The group was maintained on a low level ration ot 
maize, tetf hay, honemeal, and salt (Table Ib 

The results of the macroscopic examinations of the ovaries are 
given in Table A^I of the text; the Aveights of the uteri have been 
included. 

There is no relationship between liA’e weight or condition and 
the W'eights of the uteri. 


537 



SEX PHYSIOLOGY OP SHEEP. 


The weights aud dimensions of the ovaries vary considerably 
and so do the numbers of follicles present in the ovaries. In three 
out of seven cases totals of only 7 and 8 follicles are present. 

In one ease only is a corpus luleum present in each of tlie 
()\aries; these coipora are very similar and they no dould originatecl 
at a double ovulation. It is to be noted that oestrus had not been 
observed in this sheep, No. for 41^ days. 

Crrovp VI, — The group was maintained on natural pasture 
tbrnughcnit the year supplemented only by a mineral lick (Table J). 

The results of the macroscopical examinations of the ovaries are 
given in Table VII of the text; the weights of the uteri have been 
included. 

Considerable variathm exists between the weights of the uteri, 
which range between liO o and 00*5 guis. Two of the best conditioned 
sheep have the lightest uteri and oestrus was observed in these sheep 
only 88 days previous to the date of slaughter. 

The variations in the weights and measurements of tln» ovaries 
of individuals is appreciable; only in certain instances can this be 
accounted for by the presence of corpora lutea. The number of 
follicles in both ovaries ranges from tS to 81. Tollicles of 5 and 
(J cm. are present in many of the ovaries, Init, in orner instances, the 
largest folli(;les are smaller in size. 

Corpora lutea of varying sizes are j)resent in five out of the 
nine cases examined, but in no case is a second (»orpus luteum (c.l.II) 
present. The corpora lutea are cousi<tered to be corpora at various 
stages during interoestrous periods. 

Group VII, —The group was maintained on natural pasture 
supplemented throughout the year by maize and a mineral lick 
(Table I). 

The results of the macroscopic examinations are given in 
Table VIII of the text; the weights of the uteri have been included. 

All the sheep were in good and very good condition. The 
weights of the uteri range from 30-5 to 77 -5 gms.; the sheep 
possessing the heaviest uterus had not shown oestrus for 121 days. 

The weights and measurements of the ovaries are seen to be 
affected by the j)resencp of <*oriM)ra lutea which are present in five 
out of the seven cases examined. It it. seen that the lightest and 
smallest ovaries are those of Sheep No. 15351 which had ceased 
sexual activity only 33 days i>revious to the date of slaughter. The 
ovaiies of this sheep contain only a total of eight discernible follicles, 
the largest of which is 0*3 cm. In the case of Sheep No. 15921, 
slaughtered 66 days after the termination of the sexual season, the 
ovaries are appreciablv heavier and larger; they contain a total of 
35 follicles, but the largest is only 0‘3 cm. The majority of the 
cases in which corpora lutea are seen to have been present, contain 
relatively few follicles. 


538 



JACIEN L. ttOUX. 


Hie ciorporu liilea are (‘(insideret] to have been in different stages 
of the interoestn)Us period and it must be noted that in two oases 
corpora liitea (II) of the previous interovulation periods are found 
to be present. 

Groiii) VIIL —The group was maintained on nalural pasture 
supplemented by green cereal grazing during the winter months and 
by a mineral lick throughout the year (Table I). 

The results of the macroscopic examinations of the ovaries are 
given in Table IX; the weight of the uteri have been included. 

All the sheep are seen to have been in g(K)d and very good 
condition. The weights of the uteri range from o to od o gms. 
1'h«»re ajipears to be no imjiortant relationshii) ]>etween the condition 
. 111(1 weights (it the sheep and the weights of the uteri, neither between 
the weights of the uteri and the lengths of the jieriods of sexual 
inactivity. 

The variations in the weights of the ovaries are due to the 
presence or absence of corjiora lutea, although the ovaries of the 
cases in which corjiora are not juesent are not small and light, and 
they contain ajijireciable numbers of tollicles the largest of wliieli are 
0-5 and (I t) eni. in diameter. The total numbers of follicles in the 
ovaries containing corpora lutea vary from f) to 24. 

(’orjioia lutea are jiresent in six out of the nine cases examined; 
tlie corpoi’a ajijiear to be in various stages ol the interoestrous jieriod. 
In no case is a corjms luteum of the previous interovxilation jieriod 
Jiresent. 

A summary of tin* inacroscojiif* exaniiiialions oi the ovaries of 
(Ironjis I to VI11 is given in Table X <if the text. This table permits 
a conijiarison of the groujis and it should leflecl any signiticant 
differences due to the treatments t<i which the sheeji were subjected 
lor extended jieriods (^Table 1). 

It is st‘eii that the sheep in (irroujis 1 to IV were of the same age 
and that they were somewhat younger than those in the remaining 
gioujjs. The latter fact may, to some extent, inflnenee the value of 
the following interjiretations, but it must be remarked that sheep of 
four years old are fully grown and mature. 

'Fhe weight r<»aetion of the groups to the treatment has been 
fully discussed in the report of Experiment l.\. However, a few 
brief remarks here would be of interest. It is seen that the inclusion 
of bonemeal in the ration of (Irouji I, did mit give the favourable 
reflection that might have been expected, as the condition and weight 
of the sheeji in (xrouj) II are somewhat better. The addition of a 
jirotein-rich concentrate to the ration and the exclusion of bonemeal, 
as in (xroiip III, increased the mean weight aliove that <if Groups T 
and II, although only one-third of the sheep ac(juired good condition. 
The exclusion of maize from a latioii similar to that of Giouj) I, 
cannot be said to have had a very marked effect ujnm the mean weight 
of Giouj) IV, although the majority of the sheep have been described 
to have been in only fair condition. 
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Tabi^ X. 

A Summary of the Macroscopic E,raminations of the Ovaries. 
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The older sheep in Group V received similar treatment to 
Group I, It has been indicated in the report of Experiment 1a that 
the former group maintained a more constant weight than the latter 
group, which showed a gradual increase almost equivalent to the 
weight of the growth of wool. 

Groups VI, VII, and VIII were maintained on natural pasture. 
The supplementary feeding of maize in the case of Group VII is 
reflected to appreciable advantage with respect to condition and 
weight. However, the condition and mean weight of Group VIII 
show improvement oyer that of Group VII; the former group was 
permitted green grazing throughout the year. 

The class frequencies of the period between the termination of 
the sexual season and the date of slaughter are given in Table X. 
Each class extends for a period of 34 days or two normal dioestrous 
cycles. The difficulty of slaughtering large numbers of sheep at one 
time has been indicated. In cases in which no sexual activity 
o(icurred during the last sexual season, or in which the sexual season 
was abnormally short, the period between the last oestrus observed 
and the time of slaughter is comparatively long. 

The average weights of the uteri have been computed and they 
are given in the table. The uteri of the younger sheep in Groups I 
to IV are considerably lighter than those of the older sheep in the 
remaining groups, but, as the former groups may be considered to 
have been mature at four years of age, the difference has, no doubt, 
resulted from the treatment on low level rations for a period of 
744 days (Experiment 1a, Table V). It is interesting to note that 
the mean weight of ihe uteri of Group II exceeds that of Group I by 
3-2 gms.; fhat of Group I exceeds that of Group III by 1*5 gms. 
and that of Group IV by 3*1 gms. Sheep in Group IV, which had 
been on a low level ration consisting only of teff hay, bonemeal, and 
salt for a period of 620 days, had the lightest uteri ranging from 
15*5 to 24*0 gms. and averaging 19*5 gms. In this connection, it 
is of interest to recall the results reflected in Experiment 1a relative 
to the number of dioestrous cycles and the duration of the last 
sexual season of the groups. The section of the table (Experiment 1a, 
Table VI) is repeated here to permit an easier comparison, and it is 
referred 1o as Table XI in this report. It appears from the table 
that, while little difference in sexual activity exists between Groups I 
and IT, signiflcant differences oc*.cur in the cases of Groups III 
and IV. and especially in the latter group. 

The uteri of the older sheep in Group V are 13*2 gms, heavier 
than those of Group I which received similar treatment, but the sheep 
in the former group were older when the treatment was commenced. 
It appears, therefore, that low level rations inhibit the development 
of the uteri of young sheep. 

The weights of the uteri of Group V may be compared with 
those of Groups VI, VII, and VIII, which were maintained on 
natural pasture with various supplements. In the case in which 
only bonemeal and salt were fed as supplements, Group VI, fimd the 
sheep were allowed to respond to summer and winter conditions of 
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pastufS, the difference in the mean weights of the uteri is 4*8 gms. 
the uteri of the veld group being heavier than those of the low level 
ration Group V. When a vmd pastured Group VII was fed a 
supplementary ration of maize throughout the year in addition to 
the mineral lick, the mean weight of the uteri is 48*1 gins, which is 
9'1 gms. in excess of the control group, and 4*2 gms. in excess of 
the mean weight of the uteri of sheep which had received green 
grazing and a constant supply of mineral lick throughout the year. 

It appears from the above results that nutrition affects the weight 
of the uteri of sheep. 


Table XI. 
Semuil Season, 1934. 


Group. 

1 

(«») 

No. of 
sheep. 

No. of 
dtieep 

Mean No. 

Duration of season. 

exhibiting 

oestrus. 

of dioestrouB! 
cycles. 

Range. 

Mean. 

I. 

10 

9 

5*8 

days. 

21-286 

days. 

Ill 8 

II. 

10 

9 

4*7 

36-174 

117-2 

Ill. 

9 

8 

8-2 

1-142 

62 9 

IV. 

9 

7 

2-9 

1-117 

43 0 

V. 

7 

5 

7-4 

62-185 

101-6 

VI. 

9 

9 

9-2 

102-244 

183-2 

VII. 

10 

10 

9*3 

1-291 

199-1 

VIII. 

10 

10 

13*3 

164-280 

1 

230 4 


Nom—(a) All tlie Bheep in oertmn of the^gronps were not elauf^tered for Experiment 2. 


Due to the influence of the presence of corpora lutea upon the 
weights of the ovaries (Quinlan and Mare, 1931), it is not possible 
to compare the mean weights of the ovaries of the groups. However, 
corpora do not occur in ^o groups. Groups I and IV; the totals of 
the two mean weijghts of the ovaries of these groups are 1*16 and 
1'19 gms. respectively,* 

As the dimensions of the ovaries are affected by the presence of 
fdilicles and corpora lutea (Quinlan and Mar4, 1931), a comparison 
of measurements would be of no value. 

Excepting in the case of Group III, the average number of 
Graa^n follicles present in the ovaries does hot vary greatly. 
Previous attention was drawn to the comparative inactivity of Group 
III during the last sexual season (Table XI); the average number of 
follicles distinguished in two ovaries is ll'T. On the other hand, 
Groiq) IV was less. active during the last sexnal season and the 
average number of follicles observed in the ovaries is 16'8. Hie 
ovaries of the Bsost sexually active groups contain an average of 
17*5 and 18'1 follicles. 
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The siz^ of largest follicles varies from 0*2-0*5 cm. and 
0*4 to 0*8 cm. Only one follicle at the point of rupture was seen 
(Appendix 2, Group VII, Sheep No. 15051). It will be seen by 
examining the details in Tables II to IX, that in many cases the 
ovaries of sheep which had not shown oestrus for long periods con¬ 
tained follicles measuring 0*5 and 0*6 cm. Grant (1934) states that 
‘‘ It is not yet known whether follicles are constantly growing and 
regressing during anoestrum or whether follicular development is 
simply arrested No evidence has become available from these 
examinations as to what actually takes place. It may be thought 
improbable that the development of follicles, which are half the size 
of mature follicles, would be arrested and that they could possibly 
remain unchanged for such long periods of time, awaiting the 
renewal of the increased activity of the ovaries. It may be considered 
more likely that follicular development during anoestrum is very 
slow and that regression takes place when the follicles have reached 
about half the size of mature follicles. 

Grant’s (1934) observations with Scottish sheep reveal that 
ovulation may occur without the exhibition of oestrus at the begin¬ 
ning and during the latter part of anoestrum; the author refers to 
these as spurious ovulations. It would appear from the results 
reported here on Merino sheep that such ovulations are of constant 
ocM'urrence. By consulting Tables II to IX, it will be seen that 
corpora lutea of varying sizes are found in the ovaries of sheep which 
had not shown oestrus for periods varying froiii 38 to 413 days, 
many of which occur within the limits of the normal anoestrous 
period. 

No corpora lutea are present in the ovaries of the sheep in 
Group I, but spurious ovulations had occiUTed in five cases in 
Group II, and the previous remarks upon the results reflected in 
Table X w'ere somewhat in favour of the latter group. Although 
the sexual history of Group III during the last sexual season reveals 
poor activity of the sheep (Table XI), corpora lutea w'ere found in 
the ovaries of two sheep (Table X). In Group TV, which exhibited 
least sexual activity during the last sexual season (Table XI), no 
corpora were present. In Groui) V a corpus luteum w*as found in 
each of the ovaries of one sheep, No. 15329 (Table YI), and oestrus 
had not been observed in this sheep for 413 days. 

In contrast to the above low level ration groups, the pasture 
groups appear to have ex.perienced a larger number of spurious 
ovulations during anoestrum. In the control group, spurious ovula¬ 
tions occurred in five out of nine cases, in Group VII in five out of 
seven cases, and in Group YIII in six out of nine cases (Tables VII, 
VIII, and IX). 

It appears from the above, that the niore active groups during 
the sexual season, experienced more spurious ovulations during the 
anoestrous period. 

An interesting feature of the presence of corpora lutea in the 
ovaries of the sheep during anoestrum or during prolonged periods 
of inactivity, is that, in the great majority of cases, only one corpus 
is present. In Group V, Sheep No. 15329, two corpora of approxi¬ 
mately equal size are present, one in each of the ovaries; these are 
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considered to be tbe corpora Intea of a double ovulation (Table VI), 
In Group VII, in each of two cases two corpora were found present; 
there is no doubt that in each case these are corporja lutea I and II. In 
the cases in which only one corpus is present, the body varies from 
the size and appearance of a recently formed corpus luteum to that 
of a minute corpus of a previous interovulation period (Quinlan and 
Mare, 1931). In such instances, in fifteen out of twenty •two cases 
the corpora are less than half the size of a fully developed corpus 
luteum. The circumstances suggest that, during anoestrum and 
abnormally long inactive periods, ovulation occurs without the 
exhibition of oestrus, but the periods at which such ovulations take 
place are not necessarily at the beginning or towards the end of the 
anoestrous period. It is apparent that, in the great majority of cases, 
successive spurious ovulations do not occur. 

Conclusiom. 

1. The ovaries of 09 Merino sheep were examined during the 
anoestrous period; the weights of the uteri were recorded. The 
sheep had been subjected, for prolonged periods, to treatments 
involving low level rations in dry-lot and supplementary feeding 
on pasture. 

2. During the anoestrous period, the ovaries of sheep subjected 
to all treatments are not static; this is true also of the ovaries of 
sheep maintained only on teff hay, bonemeal and salt for 520 days. 

3. In certain cases, the ovaries are guiescent only to the extent 
that normal or complete ovarian activity is restricted. Gradual 
development of the Graafian follicles takes place until the follicles 
are approximately half the normal mature size, when development 
is arrested; at this stage either regression takes place, or the follicles 
remain in the partially developed stage for long periods. This 
condition occurs in sheep on low level rations, in sheep on unsupple¬ 
mented pasture, in sheep maintained in good condition on pasture 
supplemented with the continudus feeding of concentrates (maize), 
and in sheep on supplementary green feed (cereals) during the dry 
autumn and winter months. 

^ 4. Cases exist in which ovulation occurs during the anoestrous 
period, or during prolonged periods of the absence of oestrus. Such 
spurious ovulations do not occur only at the beginning or at the end 
of the anoestrous period. Spurious ovulations occur in cases in which 
oestrus has not been observed for over a year. 

(a) The number of cases in which ovulation occurs during 
anoestrum is not entirely dependent upon the level of feeding. 
Spurious ovulations occur even when Merinos have been maintained 
at a low level weight for extended periods. 

(h) The inclusion of bonemeal in the mineral (salt) lick of sheep 
on a low level ration of maize and teff hay, results only in partial 
development of the follicles but no spurious ovulations. The 
exclusion of bonemeal from the ration results in the occurrence of 
spurious ovulations in 60 per cent, of cases. 

(o) The exclusion of bonemeal and the inclusion of a protein 
rich concentrate (cotton seed meal) in a similar low level ration to 
the above (6), results in the partial development of the follicles, while 
spurious ovulations occur in approximately 22 per cent. ,pf cases. 
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a The feeding of sheep on roughage (teff hay) and a bonemeal 
t lick, results in a more restricted partial development of the 
Graafian follicles and spurious ovulations do^not occur. 

(e) In sheep maintained under natural or untreated conditions, 
thus being allowed to react in body weight to the extremes of summer 
and winter grazing, the development of the follicles is not restricted 
at an early stage, and approximately 55 per cent, of cases experience 
spurious ovulation. 

(/) In sheep maintained in good condition on pasture through¬ 
out the year by continuously supplementing with concentrates 
(maize), spurious ovulations occur in approximately 86 per cent, 
of cases. 

{g) In sheep provided with green grazing throughout the year, 
spurious ovulations occur in approximately 66 per cent, of cases. 

5. Successive spurious ovulations seldom occur during the 
unoestrous period, although such activity takes place in sheep which 
are maintained in good condition throughout the year as under the 
above Section 4 (/). In general, little development of the Graafian 
follicles is found in instances in which the corpora lutea are in 
advanced stages of regression. 

6. In cases in which follicular development k greatly restiicted 
during the anoestrous period, the ovaries are small and light; pairs 
of ovaries weigh 0*51 and 0*38 gms. When greater follicular 
development takes place and when spurious ovulations occur, the 
ovaries are larger and heavier and they approach the normal 
evidenced during the sexual season. When spxirious ovulation occurs, 
the size and weight of the ovary is influenced largely by the stage 
of the corpus luteum present. 

7. A consideration of the sexual histories of the sheep indicates 
that those which are more active during the sexual season are more 
likely to experience spurious ovulations during anoestrum. 

8. Low level rations fed over extended periods, inhibit the 
development of the uteri of young sheep. 

{a) The inclusion of bonemeal in such rations, reflects no 
advantage. 

(b) The exclusion of bonemeal and the inclusion of a protein 
rich concentrate (cotton seed meal) in such rations, result in a 
reduced weight of the uterus. 

(c) The feeding of a carbonaceous roughage (tett* hay) and no 
concentrates, but a lick of bonemeal and salt, results in a further 
reduction of weight of the uterus. 

9. The supplementary feeding of sheep on pasture results in 
appreciable increases in the weight of the uterus. 

10, There is no obvious relationship between the length of the 
period of sexual inactivity and the weight of the uterus, that is, the 
weight of the uterus does not decrease as the inactive period 
progresses. 
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EXPERIMENT 3. 

The Duration of the Phases of the Dioestrous Cyci^ 

IN Merino Sheep. 

The object of the experiment was to deterimne the duration of 
oestrus^ dioestrum, and the dioestrous cycle in Merino sheep. 

Materials and Methods. —Thirty-nine ewes of good Merino type 
were used in this experiment; their ages ranged from 3 to 7 years. 
Most of the sheep had been bred at the Experiment Station, others 
had been on the Experiment Station for at least a year; the sheep 
may, therefoi^, be considered to have been acclimatized. 

The 39 sheep reported upon were obtained from a flock of 359 
ewes by testing the latter flock for oestrus with vasectomised teasers 
at 7 a.m. and 5 p.m. on April 10th, 11th, and 12th, 1935. This 
oestrus is referred to as the preliminary or first oestrus (Table I). 
The ewes showing oestrus on the three dates mentioned, were dralt. d 
into a separate flock, which was run in a paddock near the obserAa- 
tion yards. During the interoestrous period, the experimental fleck 
was brought to the observation yards once daily and tested for oesti us 
until April 23rd« 

On April 23rd, one ewe (No. 32657) was found to be in oestrus 
at 7 a.m. and from this time and date testing for oestrus was carried 
out at 3-hour intervals day and night, the flock being divided at the 
time of testing into groups of ten; Ten vigorous teasers, working in 
relays of five, were used to make the observations. The intensive 
observations were carried out until 6 a.m. on 2nd May, 1935, when 
all but one ewe (No. 325(K)) had shown and completed oestrus; 
oestrous observations on this ewe were continued at 12-hour intervals 
until she showed oestrus on 4th May, 1*935. 

Provision had been, made to accommodate the experimental ewes 
in a large yard during *the intensive period of testing for oestrus. 
The jrard was supplied with the required facilities for feeding and 
watering. The sheep were fed on a ration of 8 ounces of crushed 
maize, tefi hay ad lib, and a lick of 3 parts of bonemeal and 1 part 
of salt was supplied. The small pens of the observation yards per¬ 
mitted easy handling; at no time did the handling appear to fatigue 
the sheep. At ni^ht, observations were carried out with the aid of 
lanterns and electric torches. The observations were supervised at all 
times by a European stock foreman or by the author; a native assis¬ 
tant was in constant attendance. 

Whan testing for oestrus, a ewe was not considered to be in 
oeetnis unless she definitely stood for scirvice. It will be seen later 
that the onset of oestrus was found to be abrupt, but ^ passing 
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o£E of oestnis was gradual or indefinite. During the latter stage of 
oestrus, great care in testing had to be observed. In order to improve 
the thoroughness of the observations, the ewes in oestrus were kept 
separate, which permitted testing these ewes individually at each 
8-hourly testing. In the case of ewes about to pass out of oestrus, 
a reluctance to stand for the teaser was found, but coaxing by the 
teaser induced the ewes to stand and to be served; in these cases 
oestrus was considered to be present. Tn recording the presence of 
oestrus the sign “ O ” was used. In other cases, ewes passing out 
of oestrus were found to circle about the teaser; they did not run 
away, but w’ould not stand to be mounted. It was observed that 
teasers used a considerable amount of coaxing with such ewes before 
attempting to mount. In such cases, when the teaser had attempted 
CO mount the ew'e four times without success, the ewe was considered 
to be passing out of oestrus and, in recording such observations, the 
sign “ 0>- ** was used. It was observed that ewes that had definitely 
passed out of oestrus did not stand for coaxing by the teaser, but 
they jumped forward and ran away. Further, it was observed that 
ewes definitely showed preference for particular teasers and this was 
especially the case when the former were passing out of oestrus. In 
order to overcome any irregularity due to this peculiarity, a very 
vigorous teaser, which was observed to be favoured by ewes, was 
kept for finally testing the non-oestrus ’’ ewes, any doubtful cases, 
and particularly those ewes which were passing out of oestrus. When 
no oestrus was present, the sign “ — was used Ho record the obser¬ 
vation. Ewes passing out of oestrus were tested individually for 
four periods, that is, for 12 hours, after oestrus was last observed. 

During the interoestrous period of the second dioestrous cycle, 
that is of the so-(jalled second oestrus, the experimental ewes were 
kept near the observation yards, and oestrous observations were 
made twice daily at 7 a.m. and 5 p.in. The procedure appeared to 
be necessary to ensure that no ewe with a short dioestrum and a 
short subsequent oestrus was missed. Such testing w^as continued 
up to 7 a.m. on May 11th. 

On May 11th, one ewe (No. 32657) was found to be in oestrus 
at 7 a.m., and from this time and date oestrous observations were 
made at 3-hourly intervals day and night, the flock being similarly 
divided and the particular procedures being identical to those em¬ 
ployed during the observations of the previous intensive testing for 
the duration of oestrus. Such observations were continued until 
12 noon on May 20. One ewe, No. 32500, had not shown oestrus up 
to that date; the tcvsting for oestrus of this ewe was continued beyond 
that date at 12-hour intervals until oestrus was observed on 28th 
May, 1935. 

The intensive testing at each 3-hour interval took from i hour 
to IJ hours depending upon the number of sheep and especially the 
number requiring individual testing. 

Results. 

Detaila of the observations are presented in Table 1. 
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The preliminaiy, or first oestrus, was used merely as a pfuide 
to indicate the approximate date on which subsequent oestrus was 
likely to occur. 

Table I, columns 4 and 10, 2nd and 3rd exhibitions of oestrus, 
('ontain the dates on which oestrus was observed during the intensive 
testing for oestrus, while the specific times of the duration of oestrus 
are indi(jated in the columns adjacent and to the right of the foimer 
columns. The signs which were explained in the previous section, 
indicate the presence, gradual passing off, and absence of oestrus. 

In the columns of Table 1 containing the specific times of the 
rluration of oestrus, it will be seen that (‘ertain oestrous periods were 
interrupted by the absence of oestius at one or more i)eriocls of 
3-hourly testing. In such cases, the uninterrupted i)eriod has been 
considered as the true duration, and the additional period or the 
resumption of oestrus is indicated in bra(‘kets (Table I .columns 9 
and 15). 

1'lie interiupted oestious periods also <‘ause inconsistency in the 
computation of dioestrum; in such (*ases dioestrum has been taken 
t(^ extend from the complete cessation of oestrus up to the onset of 
the next oestius (Table I, columns 1(5 and 17). However, the in- 
teiru})tiug or non-oestrous periods occurring during the lattei ])art 
ot certain oestrous jieriods have been indicated in brackets (Table 1, 
<(»Iumn 17) and they have been taken into accoyint in the further 
analysis (»f the data. (Table II.) 

The duration ol the dioestrous cycle has been taken as the jieriod 
from the onset of the second oestrus uj) to the onset of the third 
oestrus (Table I, columns 18 and 19). 

The further analyses of the data presented in Table I are given 
ill Tables 11 to V. 


Dtscffssiotu 

The Si/uipfoHiji of Oestrus ,—McKenzie and Phillips (1930) and 
Grant (1934) have indicated that the symptoms of heal in the ewe 
aie less marked than in the cow (Hammond, 1927) and in the sow 
(McKenzie, 192(5). The symptoms in Scottish sheep have been 
described in great detail by Grant, whose observations were made by 
means of a “keeled ” ram. 

The three-hourly observations made for obtaining the informa¬ 
tion reported in this experiment afforded ample opportunity for 
observing the mutual l>ehaviour of ewes and rams or teasers. Most 
of the observations of Grant (1934) have been confirmed in the case 
of the Merino; how*ever, the Merino ew’e appears to be somewhat 
conservative in that, while some ew^es may approach the ram and 
all ewes look back and vibrate tbeir tails when the ram displays 
interest, no ew'es have been observed to “ pet the ram before and 
after service, to lick his face, and to rub their heads against his 
side. However, the present author has seen a Merino approximately 
12 hours in heat, butt a teaser serving another ewe. 
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Changes in the external genitalia of sheep in oestrus have been 
described by McKenzie and Philips (1930) and Grant (1934), Various 
degrees of congestion and swelling of the vulva have been noticed and 
in some cases the whole tail region is involved; the vulva are moist 
and sometimes a slight excretion of mucous occurs. The present 
author examined a large number of the Merino ewes reported upon 
in this experiment; the exapiinations were made at different stages 
of oestrus. In very few cases a slight indication of congestion was 
evidenced, but no marked swelling of the external labia of the vulva 
and the tail region was observed, nor was there any excretion of 
mucus. However, it may be remarked here that, during oestrous 
observations upon Border Leicester-Merino crossbreds, definite swell¬ 
ing of the vulva was noticable during oestrus and the excretion of 
mucus occurred. These symptoms of oestrus appear to be charac¬ 
teristic of the English and Scottish breeds and their crosses but not 
of the Merino. 

IJuration of Oestrus .—The details of the duration of oestrus are 
given in Table I, columns 4 to 8 and 10 to 14. 

It is seen that in the case of Sheep Nos. 32500 and 32657, oestrus 
occurred beyond the periods of intensive testing. 

The onset of 73 out of 74 periods of oestrus was abrupt. At the 
first testing for the duration of oestrus, Sheep No. 38516 showed 
signs of coming into oestrus for nine hours before oestrus was 
definitely present. However, the individual case cited was abnormal 
in that the sheep remained in oestrus for less than three hours 
(Table I, column 5). Grant (1934) observed the abrupt onset of 
oestrus in Scottish sheep, but McKenzie and Philips (1930) and 
Quinlan and Mare (1931) consider that oestrus comes on gradually 
for several hours. McKenzie and Philips state that the period of 
becoming receptive to the ram ranges from 0-15^ hours. 

The contention of Grant (1934) is upheld that the decision as to 
whether a ewe is receptive depends a great deal upon the persistency 
of the teaser. In all cases of doubt in this experiment, the most 
vigorous teaser was used. The author has seen a ew^e walk out from 
a small group of ewes and teasers to a dividing fence beyond which 
the vigorous teaser was working; w'hen the ewe was put through to 
the adjoining yard, she immediately stood for service by the vigoioiis 
teaser. 

* 

The ohservations of Grant (1934) and Quinlan and Mare (1931) 
that the passing of oestrus is gradual have been confinned in this 
experiment; however, the latter reveals considerable variation. The 
duration of two periods of heat of 37 sheep was studied. Out of a 
total of 74 heat periods, in approximately 42 per cent, of cases the 
terminatmn of .oestrus was alnrupt; in i^proximately 36 per cent, of 
cases the passing off of oestrus was gradual and regular; in the 
remaining cases some or other form of interruption or irregularity 
occurred. The symbols used indicate that, in certain instances, sheep 
were found to be passing out of oestrus, or even definitely out of 
oestrus, for three or as long as nine hours, after which oestrus was 
observed to have returned. The gradual passing off of oestrus 
generally lasted for from three to six hours. 
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It is seen from Table II, that the range of variation of the 
duration of oestrus is considerable; the mode falls within the class of 
thirty to thirty-two hours; but in 77 per cent, of cases, the duration 
of oestrus is twenty-four hours and longer. The range of variation 
is given accurately in Table V; when only the uninterrupted periods 
are considered, the maximum duration is fifty-seven hours, and, with 
the exclusion of one exceptionally short period of less than three 
hours, the shortest duration of oestrus is fifteen hours. The mean 
varies according to the types of computations made, but the 
differences reflected are not great and means of approximately twenty- 
nine and thirty hours can be (jonsidered (see notes to Table V). 
These durations of oestrus are somewhat shorter than those observed 
by Quinlan and Mar6 (1931) in Merino sheep; the latter authors 
observed an average duration of forty hours, the shortest twenty- 
four hours, and the longest ninety-six hours. McKenzie and 
Philips (1930) found the mean duration of oestrus in Hampshires, 
Shropshires, and Southdowns to be 30*7, 26*3, and 24 hours respec¬ 
tively, while Grant (1934) has rejmrted a period of 35 hours for 
Cheviots. 


Duration of Dioestrvm .—Dioestruin is the period from the cessa¬ 
tion of oestrus up to the time of the commencement of the next 
oestrus. 

Table III indicates the frequencies of the duration of dioestrum 
ill Merino sheep. The range of variation is seen to be from 11 days 
to 17 days 6 hours and the mode is 15 days 6 hours. The mean, 
duration of dioestruin is 15*5 days (Table V) and, in approximately 
73 per cent, of cases, the duration of dioestrum exceeds 15 days. 


Dvratiou of the Dioestrovs Cycle ,—The periodicity of oestrus has 
been found to vary considerably (Quinlan and Mare, 1931 and 
McKenzie and Philips, 1930); dioestroua cycles as short as 6 and 
7 days have been reported. The shortest cycle observed in this 
experiment is 12 days 12 hours, and the longest 18 days 9 hours 
(Table I columns 18 and 19); the mode is 16 days 12 hours (Table IV), 
and the mean 16 days 18*6 hours. In 51*4 per cent, of cases the 
duration of the dioes'trous cycle is 16*5 to 17 days. The mean cycle 
is somewhat shorter than that reported by Quinlan and Mare (1931) 
for Merino sheep. McKenzie and Philips observed an average cycle 
of 16*6 days in Hampshires, Shropshires, and Southdowns, and Grant 
(1934) recorded a cycle of 16*4 days in Scottish breeds and crosses. 

In the observations reported here, no cases of silent ’’ oestrus 
occurred. Hammond (1927) has suggested that in cattle such cases 
may l)e due to either abnormally short durations of oestrus which 
are missed when observations are made at 12 or 24 hour intervals, 
or that exceptionally feeble heat periods may be experienced. How¬ 
ever, it appears that even when continuous testing with “ keeled ” 
rams is practised, in certain cases oestrus is not exhibited regularly 
at normal intervals. (McKenzie and Philips, 1930; Casida and 
McKenzie, 1932; Grant, 1934). 


555 



SEX IPOTSIOLOGT OF SHEEP. 


Conclusions» 

1. The duration of oestrus, dioestrum, and the dioestrous cycle 
of 37 Merino ewes, was determined by testing for oestrus at three 
hourly interrals during the periods of heat and at twelve hour inter¬ 
vals during dioestrum. 

The duration of oestrus varies considerably: — 

(a) Abnormal periods of less than 3 hours duration may occur. 
Periods as long as 58*5 hours may be expected. 

(b) The mode falls within the class 30 to 32 hours and in 
77 per cent, of cases the duration of oestrus is 24 hours 
and over. 

{c) The mean duration of oestrus is appioximately 30 hours. 

3. Appreciable variation of the length of dioestrum occurs: 

{a) The range of variation extends from 11 days to 17 days 
6 hours. 

(6) The mode of the duration is 15 days G hours and in 
approximately 73 per cent, of cases dioestrum exceeds 
15 days. 

(c) The mean duration is 15*5 days. 

4. Dioestrous cycles only of normal length occur: 

(a) The range of variation extends from 12 days 12 hours to 
18 days 9 hours. 

(b) The mode of duration is 16*5 days, and in approximately 
51 per cent, of cases oestrus recurs after 16*5 to 17 days. 

(c) The mean duration of the dioestrous cycle is 16-8 days. 

5. During oestrus, Merino sheep do not reveal marked swelling 
of the external labia of the vulva, nor is there any excretion of 
mucus. 

6. The onset of oestrus in Merino sheep is abrupt. 

7. The termination of oestrus in Merino sheep may he abrupt or 
gradual. On the other hand, oestrus may pass off completely or 
partially for from 3 to 9 hours at the end of the oestrous period, after 
which a resumption of oestrus may occur, the return of oestrus being 
definite or feeble and its renewed duration may be from 3 to 6 hours. 

(a) In approximately 42 per cent, of cases, the termination 
of oestrus is abrupt. 

(b) In approximately 36 per cent, of cases, the passing off of 
oestrus is gradual. 

(c) In approximately 22 per cent, of cases, the latter portion 

of the oestrous period is interrupted by the total absence 
of oestrus or by the exhibition of feeble ” oestrus. 
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EXPERIMENT 4. 

The Periob of the Absence of Oestrus after Parturition in 

Merino Sheep. 

The duration of the period of sexual inactivity after parturition 
is of considerable practical interest. This phase of the subject of 
ovarian activity- has received attention by certain investigators. 

Oestrus has been observed to occur 24 hours after abortion 
(Nichols, 1924). Normal oestrus has been observed in Merino ewes 
17 an<l 21 days after the birth of still-born lambs by Quinlan and 
Mare (1931) and van Rensburg (1935). The former authors have 
found that ovulation may occur 10 to 15 days post partuni. 

Preliminary observations made by the author, indicated that the 
duration of the period of sexual inactivity after lambing in Merino 
sheep was prolonged under the conditions of the eastern Transvaal. 

In farm practice, the procedure is to regulate lambing to occur 
at a time when natural conditions are most favourable. When 
lambing takes place during the spring months, pasture is abundant, 
but heavy infections of young lambs with internal parasites have 
caused greater preference to be given to autumn lambing in Merino 
studs and flocks. The i)roblem of changing over from spring to 
autumn lambing appears to be one of great practical interest in 
certain areas. The postponement of mating from the autumn to the 
spring would mean the loss of 7 to 8 months, so that the possibility 
of rapid alteration of the mating season would depend entirely upon 
the onset of sexual activily after lambing. 

The object of this experiment was to determine the duration of 
the period of the absence of oestrus after parturition when lactation 
is terminated by early w^eaning and when lactation is allowed its 
normal course. 

Materials and Methods ,—Three groups of mature Merino ew’es, 
which had lambed the year previous to their inclusion in the experi¬ 
ment, were used for the observations. Preliminaiy observations were 
made on 13 sheep in Group I which lambed during July and 
August, 1931; further observations were made on 9 sheep in each of 
Groups II and III, which lambed during September, 1933. The 
sheep in Group II were ewes the lambs of which had died within 
three days after birth. The lambs of Groups I and III w’ere weaned 
when they were 4J to 5 months of age. 

Due to the lack of green winter pasture, the ewes in Group I 
were fed 6 ounces of maize with maize silage and teff hay. As 
spring pasture became available, the feed was decreased and, 
eventually, withheld; the feeding of silage was discontinued on 
1.10,81, and the remaining feeds were withdrawn on 20.10.31. 
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Groups II and 111 were grazed on green oats for two nionths 
prior to the commencement of lambing and fresh spring pasture 
Wcame available during the first week of September, or soon after 
the sheep started lambing. 

A lick consisting of two parts of bonemeal and one part of salt 
was self-fed to all gioups. The general methods of management, 
indicated under the corresponding section of Experiment 1, were 
applied to these groups. 

No weight records were taken of Group 1. Groups II and III 
were weighed after 12 to 14 hours starvation at 14 day intervals; in 
the former case, weighing was commenced approximately one month 
after lambing, and, in the case of Group III, about two months after 
lambing. 

The groups were grazed near the observation yards to which 
they were brought daily for oestrous observations. Oestrous observa¬ 
tions on Group I were continued for only a month after sexual 
activity had commenced; during this period all the sheep had 
exhibited oestrus; the occurences of oestrus other than the first were 
not considered. In the case of Groups II and III, oestrous observa¬ 
tions were continued for several months of the sextial season, or 
until the majority of the members of the gi^oups had completed 
several dioestrous cycles. The observations on the latter two groups 
were discontinued on 30.4.34, but individuals that had not shown 
oestrus by that date were kept under daily observation for 
oestrus until such time as oestrus was exhibited. Three sheep in 
Group III failed to show oestrus throughout the entire period of 
the observations; they were, eventually, slaughtered for macroscopic 
examination of their ovaries. 


Results, 

The weight records of Qrdtips II and III are given in Appen¬ 
dix 3, Tables 1 and II. The average weights of the groups have 
been computed and from these the accompanying Diagram 3 has 
been constructed. 


DIAGRAM 3. 
Excebihent 4. 
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Mean weight of groups at 14 day intervals. 


The results of the oestrous observations on Groups 11 and III 
are given in Appendix 3, Tables III and IT. The sexual histories of 
individual ewes in Groups I, II, and III are given in Tables X, II 
and III respectively of the text. 
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Table I* 

Group 1, 

The Sexual History of Breeding Ewes, 


Sheep 

No. 

Date of 
lambing. 

Date of 
first 

Period 

between 

lambing 

Period between lambing and 
termination of observations. 

oestrus. 

and first 
oestrus. 

Duration. 

No. of dioestrous 
oycles. 

368 

3.8.31 

22.2.32 

days. 

203 

days. 


100 

10.8.31 

4.3.32 

207 

— 

— 

13413 

25.8.31 

23.2.32 

182 

— 

— 

15356 

18.8.31 

4.3.32 

199 

_ 

_ 

18443 

11.8.31 

15.2.32 

188 

— 

— 

19432 

6.8.31 

23.2.32 

. 201 

— 

— 

21495 

7.8.31 

19.3.32 

225 

— 

— 

21519 

27.7.31 

16.2.32 

204 

— 

— 

21658 

15.8.31 

18.2.32 

187 

— 

— 

25873 

10.8.31 

23.2.32 


— 

— 

25921 

8.8.31 

15.3.32 

^0 


— 

25930 

10.8.31 

7.3,32 


t — 

— 

25944 

15.8.31 

24.2.32 

193 

— 

— 

ToUl 


— 

2616 

— 

-- 

Average 

— 

— 

201-2 

— 

— 


Table II, 
Group II. 


25914 

22031 

22035 

35610 

35659 

35701 

35741 

35755 

35978 

2.9.33 

8.9.33 

17.9.33 

22.9.33 

8.9.33 

18.9.33 

7.9.33 

18.9.33 

29.9.33 

1 

5.11.33 

13.1.34 

3.1.34 

18.2.34 

1.3.34 

10.5.34 

7.2.34 

19.1.34 
10.12.33 

days. 

64 

127 

108 

149 

174 

234 

153 

123 

72 

days. 

240 

234 

225 

220 

234 

234 

235 

224 

213 

9 

5 

7 

4 

3 

1 

4 

6 

8 

Total 

— 

•— 

1204 

2059 

47 

Average 

— 

— 

133-8 

1 

228 8 

5*2 


559 
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Tabi.e III. 
Group III. 


Sheep 

No. 

Date of 
lambiiig. 

Date of 
first 

Period 

between 

lamHng 

Period between lamlnng and 
termination of observations. 

oestrus. 

and first 
oestrus. 

Duration. 

No. of dioestrous 
cycles. 

1M49 

20.9.33 

11.2.34 

144 


5 

35628 

9.9.33 

16.2.34 

160 

233 

2 

35656 

2.9.33 

(no oestrus) 

1 

— 

847 

Slaughtered: 
15.8.34 

35706 

13.9.33 

(no oestrus) 

— 

352 

Slaughtered: 
22.6.34 

35712 

29.9.33 

13.3.34 

165 

213 

3 

35731 

10.9.33 

(no oestrus) 

— 

355 

Slaughtered : 
22.6.34 

35734 

2.9.33 

m.34 

173 

240 

5 

38518 

20.9.33 

fi.1.34 

107 

222 

6 

38521 

28.9.33 

18.3^ 

171 

214 

2 

Total 



920 ^ 

1344 

23 

Avera^ 


8b6' 

154 0 

224 0 

3-8 








It will be noticed in Appendix 3, Tables III and lY, that four 
sheep, Group II, No. 35701, and Group III, Nos. 35656, 35706, and 
35731, did not show oestrus during the period of oestrous observations. 
The observations on these sheep were extended and Sheep No. 35701 
eventually showed oestrus after a total period of 234 days (Table II). 
The remaining three sheep did not show oestrus after a total period 
of testing of 347 and 355 days (Table III); these sh^p were 
slaughtered for the examiuationr of their ovaries on the dates indicated 
in the latter table, and the results of such examinations are given 
in Appendix 3a, from which Table IV of the text has been con¬ 
structed. 


Ditcussion. 

In the case of Grpup I, the lambs were born during the month 
of August (1931) and they were weaned when 135 to 150 days old 
(Table I). The lambs of Group II and III were born during 
September (1933); those of Groun II died within the first week after 
birth while those of Group III were weaned when 135-150 days old. 

Although no weight records were taken of the Group I ewes, it 
was recorded that the sheep showed satisfactory improvement of 
condition during the Mriod of observation. From the weight records 
of Groups II and III (Appendix 3, Tables I and II), from which 
Diagram 3 has been constructed, it will be seen that the Group 11 
sheep show an immediate recovery in weight after lambing, and, 
although a slight drop in weight occihs before shearing, very rapid 
improvement takes place after shearing. From the beginning of 
February, a more or less constant weight is maintained. Hie sj^p 



















Table JV. 
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in Group III do not recover so rapidly after shearing, and, in spite 
of the fact that their lambs had been weaned at the beginning of 
February, they also maintain a more or less constant weight from 
the beginning of that month. The difference in weight is 3 pounds 
in favour of Group II at the beginning of November, 1933, but at 
the time of the termination of the observations, at the end of April 
1934, the difference in weight increases to 9 pounds. As the sheep 
in Group III were in fair to good condition, the lighter weight of 
these sheep cannot be considered to have affected their sexual activity 
(Experiment 1a). 

The occurrences of oestrus of Grou;p8 II and III are given in 
Appendix 3, Tables III and lY. It is seen that several of the 
sheep in Group II started showing oestrus before those in Group III, 
and that greater sexual activity was exhibited in both groups from 
February, or when the sheep showed no further impiovement in 
condition. 

The sexual histories of the sheep in Gioups I, II, and III have 
been summarised and presented in Tables I, II, and III of the text. 

It is seen that the sheep in Group I w^ere sexually inactive during 
the period of rearing their lambs and for approximately 50 days 
beyond this period. The period of sexual inactivity after parturition 
ranges from 182 to 225 days, the average duration being approxi¬ 
mately 201 days. The sheep in Group III had received similar 
treatment with respect to the weaning of lambs. In this case, the 
range of variation of the period of sexual inactivity after parturition 
is 107 to 173 days, but only approximately 67 per cent, of the 
group had shown oestrus, although oestrous observations on the 
remainder had been extended for close on a year. In Group III, 
the average duration of the inactive period is 154 days or approxi¬ 
mately the length of the lactation period. No explanation can be 
given for the longer period of** inactivity experienced by the sheep 
in Group I. 

In the case of Group II, the lambs of which had been weaned 
almost immediately after parturition, the range of variation of the 
duration of the sexually inactive period is 64 to 234 days, the 
average being 133-8 days. The latter figure is greatly influenced 
by one case in which , the inactive period is 234 days. 

The increased sexual activity of Group II as compared to 
Group III, is further indicated by the number of dioestrous cycles 
experienced. In Group II, the cycles range from 1 to 9, the average 
being 6*2 cycles during an average period of 228*8 days, while in 
Group III, the range is from 2 to 6, the average being 3*8 cycles 
during an average period of 224 days. 

The results of the examinations of the ovaries of the three 
inactive sheep in Group III indicate, that one sheep had ovulated 
recently, as a large corpus luteum was present. The numbers of 
Graafian follicles readily distinguishable in the ovaries of these sheep 
are (Table lY): The details of the macroscopic examinations 
of the ovaries are given in Appendix 3a. 
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It app.ears from the above results that^ in cases in which 
lactation is allowed to run its normal course, the onset of sexual 
activity is later than in cases in which lactation is terminated at 
an early stage. 

In connection with the influence of lactation upon ovarian 
activity, Parkes (1929) has demonstrated by practising ovariectomy, 
that the inhibition of oestrus during lactation is set up through the 
ovary and that the absence of oestrus is not due to the heavy drain 
upon the metabolism resulting from lactation. Crew and Mirskaia 
(1930 a), reporting upon the reproductive rate in the mouse, indicate 
that the non-suckling female is capable of giving birth to twice as 
many offspring in a given period of time as can the suckling mouse. 
Crew and Mirskaia (1930 b), in discussing the lactation interval in 
the mouse, contend that “suckling is the agent primarily responsible 
for the maintainanc.e of the lactation interval, and, when it is removed, 
no matter at what stage of the interval, the interval terminates and 
the oestrous phases replace the reproductive It is further 
contended, that the transformation of the corpus luteum of pregnancy 
to that of lactation is brought about by the action of the pituitary 
to the stimulus of suckling and that, endocrimologically, the condi¬ 
tions of pregnancy and of lactation are very similar, if not identical. 

The detailed studies of Quinlan and Mare (1931) on the changes 
in the ovary of Merino sheep during pregnancy dnd early lactation 
indicate that, immediately after parturition, there is a rapid decrease 
in the size of the (*orpu8 luteum vera, and that one or more Graafian 
follicles rapidly develop in preimration for the first post-parturition 
ovulation. These authors state that, while ovulation may occur 10 
to 15 days following normal parturition, such ovulation is not 
ac(‘ompauied as a rule by the physiological exhibition of heat \vhen 
the ewe suckles her lamb. It will be revealed in a later section of 
this thesis, that, in certain cases, normal oestrus and ovulation may 
occur during the early stages of lactation in Merino ewes (Part 2, A)\ 
It may be remarked here that it is the practice of certain Merino 
stud breeders to wean the lambs at 3 months of age; the purpose of 
this procedure is to permit the ewes a longer period of rest in prepara¬ 
tion for the next mating season. 

The following facts have not been established with regard to 
Merino sheep: 

(1) Whether, as a general rule, spurious ovulations occur 
during the early stages of lactation. 

(2) At what stage of lactation normal oestrus and ovulation 
occur in areas w’here continuous sexual activity is 
experienced throughout the year, and whether, in such 
areas, the onset of sexual activity is hastened by the 
early termination of lactation. 

(3) Whether the changes in the ovary after parturition diffei 
in areas where a part of the period of parturition and the 
whole of lactation occupy the period equivalent to that of 
anoestrum in the non-pregnant ewe. 
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(4) Whether, in areas where a prolonged anoestrous period is 
experienced, the period of time before the onset of oyarian 
activity differs when lambing occurs during the autumn 
rather than during the spring. 

ConcliisioM, 

1. Observations upon the onset of sexual activity after parturi¬ 
tion were made with 22 Merino ewes, the lambs of which were 
weaned at approximately 5 months of age, and with 9 Merino ewes 
the lambs of which had died within 7 days of birth. 

2. Sheep that lamb during the spring and that are allowed to 
rear their lambs to the age of 5 months do not exhibit oestrus during 
lactation. 

Although in relatively few cases oestrus may be exhibited as soon 
as 3*6 months after parturition, in approximately 87 per cent, of 
cases the period during urhich oestrus remains absent exceeds 150 
days. 

3. Sheep that lamb during the spring and the lambs of which 
are weaned immediately, experience a relatively short inactive period 
after parturition. 

In such cases, oestrus may be expected to occur 2 months after 
parturition, and in 67 per cent, of cases the onset of sexual activity 
occurs wdthin 150 days after parturition. Once sexual activity has 
commenced, normal dioestrous cycles occur. 

4. In cases of prolonged inactivity, the ovaries may be in a 
quiescent state, or occasional spurious ovulation may occur. 

5. The presence of suckling dela^’^s the onset of the sexual season, 
although the absence of lactation does not entirely eliminate the 
anoestrous period experienced sheep which lamb in the spring 
under eastern Transvaal conditions. 
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EXPERIMENT 5. 

The Sexual Season of Gbossbbed Sheep. 

The restricted annual sexual activity of Merino sheep reported 
in the preceding experiments, led to a consideration of the sexual 
activity of certain crossbred sheep available at the Experiment 
Station, namely, Suffolk-Blackhead Persians and Blackhead Persian- 
Merinos. 

The Suffolk, like most British breeds of sheep, experiences a 
restricted annual sexual season in its home country and abroad 
(Heape, 1900, Marshall, 1903, 1922, Roberts, 1921, Cole and Miller, 
1933). Evidence is produced in a subsequent section of this thesis 
which indicates that, in the southern hemisphere, the sexual season 
of the British breeds of sheep conforms to the new order of the 
seasons of the year (Part 2, B). The Blackhead Persian is a hardy 
breed of sheep which has been found to be well suited to the semi- 
arid areas of this country. The owners of this breed maintain that 
these slieex) are capable of being bred at any time of the year, which 
would indicate the existence of an extreme degree of polyoestrum. 
In general, crossbred sheep are early maturing aftid exhibit great 
vigour; in these respects they excel the slower maturing and less 
vigorous Merino. 

The object of the experiment was to observe the extent of annual 
sexual activity exhibited by Suffolk-Blackhead Persian and Blackhead 
Persian-Merino crossbred sheep, and to compare the sexual activity 
of these crossbreds with that of Merino sheep. 

Materials and Methods ,—^Two groups, each consisting of ten 
ewes, were drafted at random from the two types of crossbreds avail¬ 
able. Observation w’ere (ommenced on May 25th, 1933, and 
terminated on May 29th, 1934. 

The Suffolk-Blackhead Persian sheep comprising Group I w^ere 
mature, and they had lambed the previous season. The Blackhead 
Persian-Merino sheep, Group II, were bred on the Experiment 
Station, and they were 9 to 10 months old when they were drafted 
into the experiment. The Merino sheep used for the purpose of 
comparison constituted Group YI, E^eriment 1a; this group is 
referred to in this experiment as Group III. 

The sheep were weighed at fortnightly intervals and oestrous 
observations were conducted once daily. The procedure in recording 
these observations was identical to that given in the preceding 
experiments reported here. 

The general management of the sheep was similar to that of 
the groups of sheep in Experiment 1a and it was identical in every 
particular to the treatment of Group VI, Experiment 1a, in that the 
two groups of crossbred sheep were maintained on the same natural 
pasture supplemented throu^out the year only by a mineral lick 
consisting of two parts of bonemeal and one part of salt. 
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Result. 

The weight records of Groups I and II, taken at 14 day internals, 
are given in Appendix 4, Tables I and II. The average weights 
have been computed and from these Diagram 4 has been constructed. 
The weight curve of Group III has been constructed from the weight 
data of this group given in Appendix 1a, Table VI. 

The oestrous observations and sexual seasons of Groups I, II, 
and III are given in Appendix 4, Tables III, IV, and V. In the 
case of Table V, the data have been taken from Appendix 1, 
Table XIV; only the observations for the identical period of Groups 1 
and II have been considered, that is from 24.5.33 to 29.5.34. 

Table I of the text, indicating the seasonal sexual activity of 
the three groups of sheep, has been constructed from Appendix 4, 
Tables III, IV, and V. Table II of the text giving the frequencies 
of the periodicity of oestrus has been compiled from data in the 
latter three tables. 

Diagram 4. 



Mean weights of groups at 14 day intervals. 


Photographs of Groups I and II are given in Figs. 22 and 23, 
and photographs of Group III are given in Figs. 11 and 12 (Experi¬ 
ment 1a). 

Discussion. 

The weight curves illustrate the reaction of the three different 
types of sheep in Gropps I, II, and III to the changes in the natural 
pasture as affected by the seasons (Diagram 4). 

The mature Suffolk-Persian crossbreds, comprising Group I, lost 
23-8 per cent, in weight from 25.6.33 to 18.8.33, or a period of 
85 days, and, although they did not recover this loss after an 
equivalent period, the difference between the lowest mean winter 
weight and the higWt mean summer weight reveals, that the sheep 
gained 48-6 per cent, on the former weight during a period of 
239 days (Appendix 4, Table T). 

The ydung Blackhead Persian-Merino crossbreds, comprising 
Group II, lost 17-4.per cent, in weight during the period of 85 days, 
and the di^ence Mtween the lowest mean winter weight and the 
highest mean summer weight reveals, that the sheep gamed ff2 d per 
cent on the former weight during a period of 239 days (Appendix 4, 
Table II). , 
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Ths mature Merino sheep, comprising Group 111, lost 16*6 per 
cent, in weight during a period of 99 days, and the difference between 
the lowest mean winter weight and the highest mean summer weight 
reveals, that the sheep gained 36*0 per cent, on the former weight 
during a period of 225 days (Experiment 1a, Appendix 1, Table vl). 

As the sheep in Group II were young, their weight reactions 
cannot be compared with those of the mature sheep in Groups I 
and III. In the cases of the latter two groups,^ it is apparent that 
the Suffolk-Persian crossbreds decline more rapidly and to a com¬ 
paratively lower weight level under winter conditions than do 
Merinos. 

It is seen from the results of the oestrous observations (Appen¬ 
dix 4, Tables III, lY, and Y), that all three groups of sheep 
experienced a marked and prolonged anoestrous period. In the case 
of mature crossbreds the 1933, sexual season may be considered to 
extend up to the end of July, although two cases of sexual activity 
occur during August. In the Merinos, the sexual season is 2 to 3 
weeks longer. Only 40 per cent, of the young Blackhead Persian- 
Merino crossbreds exhibited oestrus when from 10 to 12 months of 
age, and only in one case was more than one dioestrous cycle 
observed. 

The onset of the 1934 sexual season is somewhat earlier in the 
young crossbred sheep, while in the mature Suffolk-Persian cross- 
oreds the onset of the season is approximately 2 to 3 weeks later than 
in the Merino sheep. 

In general, it may be stated that, in spite of excessive loss of 
condition or body weight, the sheep continue to exhibit sexual 
activity until the lowest winter weight is reached. During the 
anoestrous period, rapid increase in body weight takes place, but 
the sexual season commences only when a high level weight is 
attained. 

Summaries of the details of th4 sexual seasons of the three groups 
are presented in Table I of the text. The mature crossbreds show 
greater sexual activity than the Merinos during the two portions 
of the sexual seasons, in that a larger number of dioestrous cycles 
were experienced by them. The duration of the anoestrous period 
is longer in Suffolk-Persian crossbreds than in Merinos. 

It will be shown in, a subsequent experiment (Experiment 6) 
that Merino flock sheep do not exhibit oestrus at 10 to 12 months of 
age, and as 40 per cent, of Blackhead Persian-Merino crosses 
exhibited oestrus it that age, it may be said that these crossbreds 
are somewhat earlier maturing with respect to sexual activity than 
Merinos (Table I). However, although the Blackhead Persian is 
contended to experience continuous annual sexual activity (Part 2 B), 
the resultant cross of this breed with the Merino experiences a pro¬ 
longed anoestrous per^ corresponding to that of Merinos under 
eastern Transvaal conditions. The Blackhead Persian-Merino crosses 
show remarkable sexual activity when 22 to 24 months old; during 
the 1934 sexual season these crossbreds experienced an average of 
6*8 dlo^tx'ous cycles, whereas mature Sumdk-Blackhead Persians 
and Uerinos esqperienced an average of 5*6 and 6*2 dioestrous cycles 
respectively during the same season. 
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The frequencies of the periodicity of oestrus of the three groups 
of sheep are given in Table II of the text. Considering the. two 
portions of the sexual seasons of 1933 and 1934, it is seen that, in 
the case of the Suffolk-Blackhead Persian crosses, the mode of the 
(lioestrous cycles is 16 days, and in 76 per cent, of cases oestrus 
recurred after 16 and 17 days. In the case of the Bleackhead 
Persian-Merino crossbreds, the mode is 17 days, and, in 73 per cent, 
of cases, oestrus recurred after 17 and 18 days. In the case of the 
Merino sheep, the mode is 18 days, and, in 77 per cent, of cases, 
oestrus recurred after 17 and 18 days. 

It appears from the above, that the genetic influence of the 
Suffolk in the Suffolk-Merino cross is to lengthen the anoestrous 
period by about one month and to shorten the duration of the 
dioestrous cycles. Grant (1934) draws attention to the differences 
of the duration of the dioestrous cycles in Merinos and in English 
and Si^ottish breeds of sheep. 

Conclusions. 

1. The sexual seasons of Suffolk-Blackhead Persian and Black¬ 
head Persian-Merino (ivissbred sheep were compared with that of 
Merino sheep over a period of 12 months. 

2. Crossbred sheep react more severely to declining pasture 
conditions during the autumn and winter months than do Merinos, 
but the former sheep increase more rapidly in condition during the 
spring and early summer months than do Merinos. 

3. Crossbreds of the types mentioned experience a prolonged 
anoestrous period during the spring and early summer months under 
eastern Transvaal conditions; this anoeslrum occurs during the same 
seasons as that evidenced in Merino sheep. Sexual activity persists 
in spite of declining body weight, and the anoestrous period 
corresponds to the period during which the greatest increase in body 
weight occurs. 

4. The sexual season of Suffolk-Blackhead Persian crossbreds is 
4 to 6 weeks shorter than that of Merinos. 

5. The onset of the sexual season of Blackhead Persian-Merino 
crossbreds occurs approximately one month earlier than that of 
Merino sheep. 

6. Blackhead Persian-Merino crossbreds are more early maturing 
with respect to sexual activity than Merinos. 

7. The mode of the dioestrous cycles in Suffolk-Blackhead 
Persian crossbreds is 16 days, in Blackhead Persian-Merino cross¬ 
breds 17 days, and in Merinos 18 days. 

8. The differences in the length of the sexual season, early 
maturity, and the duration of the dioestrous cycle are considered to 
be due to genetic factors. 
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EXPERIMENT 6. 

A. The Age of Puber'J'y of Meriko and Crossbred Sheep. 

The methods of sheep husbandry employed in the eastern districts 
of the Transvaal have been discussed in the introduction of this 
thesis. Internal parasites and the low nutritive value of the pastures 
constitute the greatest problems confronting sheep farmers. The 
greatest inhibition of growth in sheep occurs during the first twelve 
mouths of life. It has been stated that autumn lambing rather than 
spring lambing has been found by sheepmen to permit better growth 
in young sheep, as the latter are many months old when worm 
infection is at its worst during the wet and warm summer months. 
Yet, many farmers do obtain spring born lambs, the cost of rearing 
which should be less than the rearing of autumn born lambs, due to 
the increased amount of feed necessary in the case of the latter. 
Moi cover, the experience of many farmers in the eastern Transvaal 
is that a large percentage of ewes are more ])artial to lambing in the 
spring. 

The problems involving the rearing of spring-lx)rn lambs under 
eastern Transvaal conditions have received some attention at the 
Research Station, Ermelo (Roux and van Re^isburg, 1935). At 
piesent, it appears that infection with internal parasites, especially 
tape worm (Monezia (\tpa7isa), overshadows all other problems. 
The studies on the growth of lambs at the Research Station led to a 
(‘onsideration of the sexual maturity of young sheep. 

The earliest age at which ewes can be bred is of considerable 
economic importance, especially in the case of crossbred (or half- 
bre<l) ewes of rapid growing, large framed type, such as the Border 
Leic'ester-Meriiio, which, in a particular system of crossbreeding, 
may be retaiiie<l for further crossing* Provided body development 
results in a satisfa< tory size, it would be an advantage to breed such 
sheep as early in life us possible in order to obtain maximum returns 
by lengthening the life period of reproduction. 

The object of the experiment was to determine the age of puberty 
of Merinos and Border Leicester-Merino crossbreds, and to ascertain 
the age at which such sheeji can be bred under eastern Transvaal 
conditions of management comparable to those of well managed 
commercial flocks of the area. 

MafeHals and Methods .—Twenty Merinos and twenty Border 
Leicester-Merino crossbreds were used in the experiment. These 
sheep were drafted at random, at the age of 4.1 to 5 months, from 
the ewe lambs bred in connection with crossbreeding experiments 
conducted at the Research Station during the spring lambing 
seasons of 1933 and 1934. The following gioups, each (consisting 
of 10 sheep, were constructed for the experiment; — 

Group I ; Border Leicester-Merino Crossbreds, 1933. 
Group II : Merinos, 1933. 

Group III ; Border Leicester-Merino Crossbreds, 1934. 
Group IV : Merinos, 1984. 
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The treatment of the pregnant ewes for the 1983 and 1934 
lambings did not vary, although the latter season is considered to 
have been a somewhat better sheep year. In each case, six weeks 
prior to lambing, the ewes were given green oat graaing for about 
two hours daily. A lick of two parts bonemeal and one part salt 
was self^fed at all times prior to and subsequent to lambing; the 
lambs had access to the lick. 

The Merino and crossbred lambs of each season were run together 
with their dams in one flock. After weaning, the two types of lambs 
of each season received identical treatment. 

Due to the unsatisfactory growth reflected by the 1933 season 
lambs, alterations in management were introduced in the case of 
the following season’s lambs. The former lambs were dosed with 
the Government Wireworm Remedy at three weekly intervals from 
the age of one month. No supplementary feed apart from oat 
grasing was given the 1933 season lambs. In December, when the 
iambs were approximately 2^ months old, they were found to be 
badly infected with tape worm, and great difficulty was experienced 
in ridding the sheep of the infection before the end of the summer. 
When the sheep were alK)ut 7 months old, it was considered ne(*essary 
to supplement the gracing with 4 ounces of maize per sheep per day, 
the feeding of which was commenced on 30.5.34. In addition, the 
sheep were put on to green oat grazing for 1 to 2 hours daily from 
23.G.34. Small amounts of green veld grazing became available to 
the sheep during the first week of August, 1934, and, during the 
latter part of this nionih, green veld grazing was abundant. Supple¬ 
mentary feeding was discontinued after 15.8.34. During the next 
winter (1936) supplementary feeding of green oat grazing and 4 
ounces of maize was commenced on 7.5.35 and continued up to 17.8.35, 
when, due to heavy grazing and adverse winter conditions, the sheep 
had to be removed, kept on dry pasture, and fed 3 ounces of maize 
per sheep per day. 

The 1934 season lambs were dosed for gastric and intesiinal 
worms at 2 and 3 weekly intervals from about 3 weeks of age. Treat¬ 
ment with nicotine and copper sulphate for tape worms as recom¬ 
mended by Monnig (1932) was tried with only partial success. 

When fhe lambs were approximately two months old, an attempt 
was made to supplement ^he veld and green oat grazing with maize, 
fed by the lamb-creep system. The lambs did not take to such 
feeding readily and, during the first few months, insignificant 
quantities of f^d were consumed. However, by the lime the lambs 
were weaned, 4 ounces of maize were being fed per sheep. On 
May 7th, 1936, the sheep were put on to green oat grazing for 
1-2 hours daily, and they were fed 4 ounces of maize per sheep per 
day together with the 1933 season lambs. From that date both 
seasons’ lambs received similar treatment. 

All the sheep in this experiment were weighed at birth and at 
three weekly intervals up to the age of five months; subsequently, 
weights were recorded less frequently. Tip to 2 months of age the 
lambs were starved for 4 hours before being weighed, but after 
2 months they were starved for 12 to 14 hours before being weighed. 
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All sheep were tested for oestrus daily from the time of weaning^ 
or when they were 4J to 6 months of age; vasectomised teasers were 
used for oestrous observations. The sheep were grazed as near the 
observation yards as possible; the distance to the grazing camps did 
not exceed nalf-a-mile. 

General farm practices such as inoculation, shearing, and dip¬ 
ping, were followed with these sheep. 

Remits. 

The birth weights and subsequent weights at three-monthly 
intervals of Groups I to IV are given in Appendix 5, Tables I to iV. 

The accompanying Diagram 5 has been constructed from the 
mean weights given in the above tables. 


Diagram 5. 



Mean weights of groups at 3 monthly intervals. 

The results of the oestrous observations upon Groups I and II up 
to September 30th., 1935, are given in Tables I and II of the text. 

From the time of the commencement of oestrous observations up 
to September 30th., 1935, no occurrences of oestrus were observed in 
Groups III and IV. 

Table III has been constructed from Tables I and II to indicate 
the average of the groups; the frequencies of the periodicity of 
oestrus have been attached to the table. 

It is of interest to note the results of shearing 12 months growth 
from the 1933 Merinos and crossbreds. The Border Leicester-Merino 
crossbreds grew staples of 2 to 2| inches in length, the wool varied 
from a SB’s to a 64’s quality, and the range of variation in the total 
grease yield was from 1-6 to 3'8 lb., the average being 2*6 lb. In 
the case of the Merinos, the staple lengths varied from IJ to 2 inches, 
the quality from a 64^8 to an SO^s, and the range of variation of the 
total grease yield was from 2-8 to 4-7 lb., the average being 3*8 lb. 

l^otographs of the four groups are given in Figs. 24 to 27. 
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-The numbers in brackets indicate the number of individuals concerned in the avera^s. 





LUC1£N L, HCKTX, 


Discussion. 

The growth curves of the four groups of sheep^ as illustrated in 
Diagram 5, indicate an expected higher rate of growth of the Border 
Leicester-Merino crossbreds (Groups I and III) than that of the 
Merinos (Groups II and IV). 

A decreased rate of growth is evidenced during the period of 
3 to 6 months of age. In spite of the supplementary feeding of 
cx)ncentrate8 to the 1934 lambs, their growth is somewhat less than 
that of the 193f3 lambs, the pasture of which was unsupplemented 
during that period. It is during December and January that tape¬ 
worm infection is most severe and the infection of the 1934 lambs 
was greater and of longer duration. The adverse effects on growth 
are most marked up to the age of 12 months. The 1933 and 1934 
ci’ossbreds at 0 months of age weighed 57*2 and 54*2 pounds 
respectively and at 12 months of age only 5tr4 and 52*7 pounds 
respectively. The 1933 and 1934 Merinos at 6 months of age weighed 
45*4 and 41*2 pounds respectively and at 12 months of age only 
52*0 and 45*4 pounds respectively. Bartel and Johnstone (1934) 
found that, under Western Province (South Africa) conditions, 
Border Leicester-Merino croswsbreds and Merinos weighed 70*7 and 
37*4 pounds respectively at 4*5 months of age. Marc (1930) indicates 
that Meiino (flocks) at the ages of 3 and G months, under Kairoo 
(South African) conditions, attain the weights of 46*3 and 59*7 
pounds respectively. Colebatch and Scott (1928), under South 
Australian conditions, found that Border Leicester-Merino crossbreds 
and Merino lambs reared under farm conditions on natural pasture 
only, weighed 65*3 and 60*4 pounds respectively at the age of 14 
weeks. It is apparent that the weights of the sheep reported upon in 
this experiment are considerably low^er than that of those reported 
upon by the above authors. 

Slight beneficial effects of supplementary feeding are indicated 
in the results during the period March to June, when the lh33 lambs 
lost weight while Groups III and IV at least made small gains. 

The results of growth and improvement of condition depend 
greatly upon the time of the arrival of the spring rains. In the case 
ol the 1933 lambs, green grazing was available when the sheep were 
almut 11 months old, but in the case of the 1934 lambs, their first 
w’inter was long, dry, and severe, for by the end of September, 1935, 
no green grazing w^as available. In cases such as the latter, supple¬ 
mentary feeding, as employed on a large s(‘ale in general farm 
practice, cannot result in a satisfactory rate of growrth. It is, there¬ 
fore, apparent that, in order to obtain a higher rate of grow'tb 
throughout the first 12 months, a higher level of feeding must be 
adopted, but it is questionable whether satisfactory results will be 
obtained unless a more complete check on worm infection is 
accomplished. 

The results of the oestrous observations up to the age of twelve 
months indicate that, under the conditions to which Groups I to IV 
were sulnected, sexual activitjj^ does not occur. Quinlan, Mar4, and 
Boux (1930) found that Hermo sheep under Karroo conditions are 
sexually mature at 9 to 10 months of age. It has been indicated in a 
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f rerioua report (Experimeat 5) that 40 per cent, of Blackhead 
*ersian-Mermo crossbreds are sezoaliy mature at the ages of 10 to 
12 mouths^ 

Diagram 5 further indicates that the 1933 lambs made slow 
progress during the second year, and the Merinos, Group II, merely 
maintained their weight over a long.period. It was, however, during 
the ages of 12 to 24 months that sexual activity commenced (Tables I 
and II of the text). 

The crossbreds (1933) show an almost uniform increase in weight 
from 12 to 24 months of age, and sexual activity commenced at about 
18 months and terminated at approximately 21 months of age 
(Table I). At 19 months of age, ^ per cent, of these sheep had 
attained sexual maturity and the mean weight at about that age was 
approximately 75 pounds. 

P(mr increase in weight is shown by the Merinos (1933) during 
the 12th to the 24th month of age. Although oestrus was observed 
at an early date in two individuals, only 40 per cent, of the sheep 
showed oestrus at from 18 to 20 months of age, and, in half these 
cases, oestrus occurred only once (Table II). The mean weight of 
the Merinos at this age was approximately 59 pounds. 

It is apparent from Tables I and II of the text, that both types 
of sheep have a restricted sexual season, which commences at the 
age of about 18-19 months in February or March and terminates in 
June or a month later. 

In the case of the Border Leicester-Merino crossbreds, the age 
at the exhibition of the first oestrus ranged from 556 to 599 days, 
the average age being 575*1 days (Tables 1 and. III). The length 
of the first sexual season of these sheep varies from 33 to 102 days, 
the average being 74*9 days. During the sexual season, from 3 to 
7 dioestrous cycles are experienced and the average number of cycles 
is 5*2. The duration, of the dioestrous cycle varies from 13 to 35 
days with a mode of 16 days, and, in approximately 81 per cent, of 
cases, oestrus recurs after 16 and 17 days. 

The information upon the young Merinos is insufficient to permit 
a comparison of details, although the corresponding data obtained 
from some of these sheep. Group II, have been included in Table III. 
There is an indication that the duration of the dioestrous cycle of 
Merinos is longer than that of the crossbreds. 

B. The Sexuai. Activitt op Young Sheep op Vabious Breeds and 
Cbossbs under Kabboo (Cape) Gonditiohs. 

Oestrous observations upon sexual activity in young sheep of 
various breeds and crosses are being made by the nesearch Section 
of the Sheep and Wool Division at the “ Grootfontein ”, School of 
Aj^c^ture, Middelbi^, Gape. The experiments are under the 
direction of Dr^ Quinlan, Sub-Director of Yeterinary Services, 
Oademtepoort, Pretoria. By the kind permission of Dr. ^inlan, 
omtoin of the results of tihese experiments are presented here in order 
to indicate the yarying, degrees of sexual activity exh^tted by 
bast^ln breeds and types of young sheep under Karroo oimdittotts. 
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The sheep under observation have been run on the veld which 
has been supplemented with a lick consisting of the following: 
Salt 8*4 lb., bonemeal 8*4 lb., tobacco dust 1 lb., and sulphur 1 lb. 
Oestrous observations are made with vasectomised teasps at the 
observation yards to which the sheep are brought once daily. 

Some of the data kindly supplied to the author have been 
analysed and presented in Table IV of the text. 

It is seen that Merino sheep at 16*5 months of age weigh 66*6 
pounds. During the ages of 12 to 17*5 months, 50 per cent, of the 
sheep show oestrus, and great variation exists in the number of 
dioestrous cycles experienced; the maximum number of cycles 
experienced is 7. The sheep that exhibit oestrus go into anoestrum 
during June and July. The mean duration of the inactive period 
is 140*5 days. 

Blackhead Persian sheep at 16*5 months of age weigh 67*8 
pounds. All sheep are sexually active during the ages of 12 to 17*5 
months and 9 to 11 dioestrous cycles are experienced by these sheep, 
the average being 9*8 cycles during a period of 169 days. Forty 
per cent, of the sheep did not show oestrus upon the expected dates 
during the earlier part of September, which suggests that these sheep 
might have gone into anoestrum. The mean durc^tion of the inactive 
period is only 13*1 days. 

The Southdown-Blackhead Persian crossbreds weigh only slightly 
more, 2*7 pounds, at 16*5 months of age than do the Blackhead 
Persian sheep. All the former sheep are sexually active during the 
ages of 12 to 17*5 months, but the mean number of dioestrous cycles 
experienced by the ci*ossbreds is 7*3, or 2*5 less than that of the 
Blackhead Persian sheep. All the sheep go into anoestrum during 
July and August. The mean duration of the inactive period is 
56*9 days. 

The data upon the purebred Bonderibs have not been included 
as the number is small (6) and the dates of birth vary considerably 
beyond the usual period of lambing of six weeks. However, it 
appears that (certain individuals of this breed reach sexual maturity 
at 6*5 months of age and that the age of puberty depends greatly 
upon the time of birth. 

The Welsh Mountain-Bonderib sheep were approximately 7*5 
months old when observations were commenced, luey experienced 
an average of five dioestrous cycles diiring the ages of 7*5 to 12 
months. It appears from the oestrous observation records that the 
first exhibitions of oestrus recorded for all these crossbreds were the 
first occurences of oestrus of these sheep and, therefore, such cross¬ 
breds become sexually mature at approximately 7*5 months of age. 
The sexual activity of these sheep ceases in June and July and the 
mean duration of the inactive period is 101*1 days. Such crossbreds 
grow rapidly; they attain 67*1 pounds at the age of 11 months. 
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tlie onaet of oestrus, this period of inactivity has been added to the period of inactivity prior to the date up to which the 
> been considered, that is up to September 16th, 1935. 
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Conclusions. 

1. Observations were made to ascertain tbe age of sexual 
maturity of Border Leicester-Merino crossbreds and Merino flock 
sheep under eastern Transvaal conditions of management. 

2. Continuous growth is inhibited in crossbreds and Merinos 
during the first 12 months. Worm infection is largely responsible 
for the inhibition of the progress of growth during the ages of 3 to 
6 months. A higher level of feeding than that generally practised 
during the winter months is essential in order to promote continuous 
growth. 

3. Border Leicester-Merino crossbreds at the age of 19 months 
weigh approximately 75 pounds; at this age 90 per cent, attain 
sexual maturity and experience a number of normal dioestrous cycles. 

4. Merino flock sheep at the age of 19 months weigh 
appioximately 59 jiouiids; at this age 40 per cent, attain sexual 
maturity, but a number of normal dioestrous cycles is experienced 
in only 20 per cent, of cases. 

5. Border Leicester-Merino crossbreds and Merino flock sheep 
at the ages of from 17 to 21 months, experience a restricted sexual 
season of about 50 to 75 days duration. 

(). Border Jjeicester-Merino crossbreds attain sjitisfactory size to 
Ijennit breeding at 19 months of age, and the regular occurrence of 
oestrus permits maiing these sheep at that age. 

Spring born Merino sheep are small and immature at the age of 
19 months under eastern Transvaal farm conditions and mating at 
that age is not recommended, 

7. The sexual activity of young sheep of the following breeds 
and crosses under Karroo conditions has been analysed: Merino, 
Blackhead Persian, Southdown-Blackhead Persian, Ronderib, and 
Welsh Mountain-Konderib. 

(а) All the breeds and crosses exhibit sexual activity during 
the months of April to September, but, in certain of these 
types, sexual activity is not extended throughout the en¬ 
tire i>eriod. 

(б) The lowest sexual activity is leflected by Merinos 12 to 
17*5 months old; 50 per cent, of the sheep are sexually 
active and the active sheep go into anoestnim during 
June and July. 

(c) The highest degree of sexual activity is experienced by 
the Blackhead Persian sheep, 100 per cent, of which are 
sexually active and experience regular dioestrous eytdes 
during the ages of 12 to 17*5 months. 

{d) Although a high degree of sexual activity is experienced 
by Southdown-BlacKhead Persian ciossbreds betw*een the 
ages of 12 to 17*5 months, these sheep go into anoestrum 
during July and August. The reduced period of activity 
is considered to be due to the genetic influence of the 
Southdown. 
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(e) Bonderib lambs become sexusllv active at approximately 
6 months of ai^e; the majority of young sneep go into 
aaoestrum during May to August. 

(/) Welsh Monntain-Bonderib crossbreds become sexually 
active at Sfiproximately 6 mouths of age, but these sheep 
go into aho^rum during June and July. 

8. Merino sheep are better grown and at least 50 per cent, 
experience sexual activity at an earlier age under Karroo veld 
conditimis than under eastern Transvaal conditions. 
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Expxbihbnt & 



Fig. 24.—Group 1: 23.7.35. 



Fig. 26.—Group 11: 23.7.36. 
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Fig. 26.—Group III: 23.7.36. 



Fig- 27.—Group IV ^ 23.7.36. 
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EXPERIMENT 7. 

The Influence of Climate upon the Sexual Activity of Young 

Merino Ewes. 

FarmerH in the Transvaal fi*equently purchase sheep from Karroo 
breeders. The reactions of sheen to altered conditions of climate are 
of practical interest; it is suspected that upon transfer temporary 
sexual inactivity results. Quinlan and Mare (1931) consider that 
such inactivity is experienced when sheep are transierred from the 
humid eoastaf districts to the arid climate of the Karroo. Merino 
sheep under Karroo tumditions exhibit continuous annual sexual 
activity (Quinlan and Mare, 1931), but it has been indicated by the 
results of preceding experiments reported in this thesis that such 
activity is restricted under the conditions obtaining at the Research 
Station, Ermelo. It has not been determined whether these 
ditt'erences in the degree of polyoestrum are due to climalic, 
nutritional, or other factors. 

The phyBiographical conditions of the Karroo diiffer from those 
of the eastern Transvaal highveld. The former conditions are 
considered to be infinitely more favourable for sheep farming than 
those of the latter area. The greatest advantage of the Karroo is 
generally accepted to be the comparatively higher nutritive value of 
the natural pasture, which, in addition, is not jubject to drastic 
reductions in nutritive value during the dry winter months. In 
Karroo areas, sheep experience marked loss of weight only during 
prolonged droughts. With respect to climate, the Karroo and 
eastern Transvaal highveld are both summer rainfall areas, but the 
former is semi-arid while the annual I'ainfall of the latter approxi¬ 
mates 39 inches; extreme temperatures are experienced in both areas. 
The following Table I gives (certain meteorological data recorded at 
the (irootfontein School of Agriculture, Middelburg, Cape, and this 
data may be compared with the corresponding data recorded at the 
Government Forest Nursery which mljoins the Research Station, 
Ermelo (Introduction, Table I). 


Table I. 

Mcieorological Records: Grootfontein, School of Agricvlturcy 
Middelburg^ C,V. 


Month 1935. 

Total 

RainfaU. 

Highest 

Maximum. 

Lowest 

Maximum. 

H. (Screen) 
Minimum. 

L. (Screen) 
Minimum. 

January. 


94*8 

72*9 

63*2 

39*5 

February. 

283 

90*8 

62*4 

65*0 

37*3 

March. 

290 

88*5 

62*1 

60*8 

35*2 

April..... 

1-73 

80*6 

56*8 

55*3 

29*6 

May.,..^. 

2-86 

68*7 

44*4 

55*0 

25*8 

Juno. 

0-99 

66*0 

41*5 

44*7 

22*5 

July. 

0*53 

68*0 

35*0 

43-0 

19*1 

Auguat. 

0-26 

74*5 

39*6 

40*7 

16*0 

Soptmnber. 

0 76 

83*8 

53*2 

46*0 

27*0 

Ootober..... .. 

1 

0-34 

91*3 

64*4 

64*9 

28*7 


7 
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The objects of this ex^riment were to determine the reaction, 
with respect to sexual activity, of young Merino ewes which are 
transferred from the Karroo to tne eastern Transvaal, and to 
ascertain whether any reaction that may result is due to altered 
climatic conditions or to nutritional factors. 

(Note : The experiment has been planned to permit the extension 
of the observations in order to determine the following: — 

1 . The influence of climate upon the rhythm of the sexual 

cycle when sheep are: 

(i) Mated in the spring to lamb in the autumn under: 

(a) Eastern Transvaal conditions. 

(&) Karroo conditions. 

(ii) Mated in the autumn to lamb in the spring under: 

(а) Eastern Transvaal conditions. 

(б) Karroo conditions. 

(iii) Not mated under: 

(а) Eastern Transvaal conditions. 

(б) Karroo conditions. 

2. The influence of climatic and nutritional factors when such 

sheep are not mated under: 

(a) Eastern Transvaal conditions. 

(b) Karroo conditions. 

It will be noticed that the experiment has been commenced 
comparatively recently, March, 1935; consequently, the results of 
this latter phase of the experiment are not available for the present 
report, but they will appear in a later issue of the Onderstepoort 
Journal). 

Materials and Methods ,—Eighty Merino ewes, bred from the 
large flock maintained by the “ Grootfontein,’’ School of Agriculture, 
Middelburg, Cape, were drafted into the experiment in March, 1935, 
when the sheep were approximately 10*5 months of age. Forty of 
the sheep were transfened to the Besearch Station, Ermelo, where 
they arrived on 16.3.35. Oestrous observations were coinmem-ied the 
folmwing day and after four days, the sheep were divided into four 
groups. The remaining 40 sheep were retained at the “ Grootfontein,'’ 
School of Agriculture. Due to a delay, the oestrous observations 
at the latter Institution were commenced about 14 days later than 
those at Ermelo. 

Observations at each of the two centres were conducted on four 
groups each consisting of 10 sheep. Oestrous observations upon 10 of 
the sheep included in the number at the Grootfontein School of 
Agriculture ” (Group V) were conducted in connection wdth studies 
on sex physiolog;^ of sheep under the direction of Dr. Quinlan, 
Sub-Director of Veterinary Services, Onderstepoort, Pretoria. Dr. 
Quinlan has kindly consented that the results obtainra from this veld 
group, be used for comparative purposes in this experiment. 
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^The eight groups were given the following treatments :— 

, A. Ermelo: 

Group I: On veld supplemented by a lick; supple* 
mentary feeding during the winter 
months. 

Group II: Dry-lot: Maize 6 oz., lucerne hay 1*5- 
2 lb. and a lick. 

Group III: Similar to that of Group II. 

Group IV: Similar to that of Group II. 

B. Grootfvvtehi: 

Group V: On veld supplemented by a lick. 

Group VI: Similar to that of Group II. 

Group VII : Similar to that of Group II. 

Group VIII: Similar to that of Group II. 

(Note. —The veld sheep, Groups I and V will not be bred. 
Another of the remaining groups at each of the centres will not 
be bred. A group at each of the centres will be bred from November 
15th, 1935, to produce autumn lambs, while the remaining group at 
each centre will be bred from April 15th, 193fi, to produce spring 
lambs. tVmtinued observations upon the sexual activity should reveal 
any diftereiices at the two centres that may be reflected by sheep which 
are not bred and those that are bred at different seasons of the year.) 

The rations of Groups II to IV and VI to VIII were similar. 
In both sections A and B, yellow maize, lucerne ha}’, and a lick 
(consisting of 3 parts boiiemeal and 1 part of salt (by weight), were 
fed. Unfortunately, it has not l)een possible to utilize feeds from the 
same source of supply; however, the maize used at both centres was 
Transvaal or Free State grown and the lucerne was Karroo grown. 

The above dry-lot fed groups >vere kept in small yards devoid of 
grazing and in which all rations were fed. It has been reported that, 
unfortunately, the (piality of the lucerne hay fed to Groups VI, VII, 
and VIII at Grootfontein ” was not uniformly of good quality; 
reference to this point will be made in the subsecjuent iliscussions. 

The daily oestrous observations at both centres were conducted 
between 7 and 8 a.m., vasectomised teasers being used. At the close 
of the sexual season, 1935. oestrous observations at the Research 
Station, Ermelo, were made twice daily for three months in order to 
ascertain whether cases of oestrous periods of abnormally short 
duration occurred in young Merino ewes. No such cases were 
revealed. 

The^heep at the^ Research Station, Ermelo, were w’^eighed at 
14 day intervals, w’hile those at the Grootfontein School of 
Agriculture, were weighed at 28 day intervals. It will be noticed 
that the commencement of recording weight data of the veld group at 
the latter Institution was delayed. All sheep were starved for 12 to 
14 hours before being weighed. 
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The sheep were dosed With Government Wireworm ilemedy at 
Si8-day intervals. Inoculation against bloetongue and the animal 
shearing took place at approximately the same date at the two in* 
stitutions. 

In the case of Group I at the Research Station, Rrmelo, it was 
intended to supplement the winter grazing with green oat grazing 
by permitting the latter for 1 to 2 hours daily. Due to the pro¬ 
longed absence of rain and the severity of the winter, green cereal 
grazing could not be supplied throughout the winter months and 
supplementary feeding of maize had to be undertaken. The total 
period during which supplementaiy green oat grazing was allowed 
w$w approximately three months, while the period during which 
4 to 6 ounces of maize were fed was approximately two months. 

As the veld groups at both centres were run together with other 
experimental sheep, the lick consumption of the sheep in this experi¬ 
ment was taken as the average of the entire flock. 

Results. 

The weight data of Groups I to VIII are given in Appendix (5, 
Tables 1 to VIII; the mean weights at each interval have been 
computed and from these Diagram 6 has been constructed. 

Diaobam 6. 



Mean weights of groups at 14 and S8 day utervala. 


analysis of the mean wemhts of the groups and the shear¬ 
ing data are presented in Table 11. 
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Tabi^ 11. 

Mean Weii/ht and Shearing Data. 
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of Group V no initial weight was recorded. The mean weight given has been computed from the mean weitrhtii 
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Summary of Sexual Activity. 
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The details of the results of the oestrous observations on Groups 
I to VIII are j?iven in Appendix 6, Tables IX to XVI. 

A summary of the sexual activity of the groups is given in 
Table III of the text. 

The feed and li(*k consumption of the eight groups of sheep are 
given in Table IV of the text. 

Tabi^ IV. 

Feed and Lick ConMVinf^iion,—Aceroffc per Sheep per Day, 


Group. 

Maize. 

Lucerne hay. 

Lick (bone meal 
and salt. 


oz. 

oz. 

oz. 

1 . 

Control 

On pasture 

•637 

11 . 

60 

30-4 

•026 

Ill. 

60 

30-4 

•026 

IV. 

60 

30-4 

•026 

V. 

Control 

On pasture 

•210 

VI. 

4-5 

23*6 

•017 

VII. ' 

4.4 

24*7 

•018 

VllI. 1 

3-7 ' 

24-8 

•017 


Photographs of ea<'h of the eight groups of sheep are given in 
Figs. 28 to 35. 


Dtscmston. 

Quinlan, Mure, and Roux (1930) reported that Merino ewes 
transferred from the Karroo (Middelburg, Cape) to the Onderste- 
poort Laboratory, Pretoria, Transvaal, at the age of 6 to 8 months, 
all showed oestrus during tlie month of January (1928) when they 
were 9 to 10 months old. It is stated that '* . . . this is generally 
w’httt is expected under South African conditions; lambs born in the 
autumn and early winter, showr oestrus the following summer at 
the age of 9 to 10 months if maintained in good condition 
Quinlan and Mare (1931) leported that, under favourable Karroo 
conditions, non-pregnant and non-lactating ewes experience a con¬ 
tinuous series of dioestrous cycles throughout the year. 

It was considered that the sheep chosen for this experiment, 
being approximately 10*5 months of age, would be sexually mature 
and that they would, under Karroo conditions, be exhibiting normal 
ovarian activity. However, the detailed results of the 
oestrous observations indicate that in only 3 out of 80 cases did 
oestrus occur within 20 days after the commencement of the obser¬ 
vations; all 3 of the vases of sheep which exhibited an early oestrus 
were individuals w*hich had not been transferred to Ermelo. 
(Appendix 6, Tables IX to XVI.) Further, it is seen from these 
tables that 75 per cent, of the ewes revealed no sexual activity 
during the period of observations of about 8 months, or when the 
sheep were between the ages of 10*5 and 18*5 months. 
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Diagram 6 illustrates the wemht tendenries of the eight groups 
of sheep. With the exception of Group I, the Teld group at Ermelo, 
the groups showed almost constant increases in weight and the mean 
weights of these groups just prior to and immediately after shearing 
compare very favourably with those of a similar type of sheep re¬ 
ported upon by Quinlan, Mare, and Roux (1930). It is seen that, 
in spite of Group 1 being given what was considered good farm 
management, this group maintained a mean weight at approximately 
the 4u lb. level. As Groups II to YIII attained weights just prior 
to shearing ranging betw'een 62 and 73 lb., the weight of Group I 
must be considered as unsatisfactory. 

The extent of gain accomplished by each of the groups and 
other data relative to body weight and wool production, are given in 
Table II. Further evidence of the unsatisfactory reaction of Group 
I is revealed, as the percentage gain on the initial weight up to just 
prior to shearing is only 6 (1 per cent, per 100 days, whereas that 
of all other groups exceeds 25 per cent. The mean weight of Group 
I immediately alter shearing is only 39-6 lb., whereas that of other 
groups approximates 60 lb. The average grease wool yield ol the 
former is (j-3 lb., which is significantly less than that of the latter 
groups, although it may be said that, considering the apparent 
inhibition of body growth of Grou]) I, the wool yields are sur¬ 
prisingly high. 

The dry-lot fed sheep at Emelo, Groups II, III, and IV, aie 
seen to have made higher gains than the corresponding sheejt. 
Groups VI, VII, and VIII, at “ Grootfontein(Table II). The 
percentage gains per 100 days up to the time of shearing ot the 
Ermelo sheep are 34-9, 32-9, and 39-6, whereas the corresponding 
gains of the Giootfontein sheep are 25-1, 25-7 and 27-2 per cent. 
The mean weights of the three dry-lot fed groups after shearing 
are somewhat higher at the former centre, and the same remark 
may be applied to the wool yields. This difference is suspected to 
be due to the smaller amounts of feeds consumed by the three gioui>s 
at “ Grootfontein ” (Table IV). Previous mention was made of 
the difference in quality of lucerne hay fed to the sheep at “ Groot¬ 
fontein this appears to be the main factor involved. 

The dry-lot fed groups at Ermelo compare very favourably witJ) 
the veld group at Grootfontein with respect to weight and wool pro¬ 
duction; in the latter th4 rnean wool yield is 8-6 lb. and the mean 
body weight after shearing is 60-1 lb. 

It is seen from Table III that the group on veld at Ermelo is 
the only group in which no sexual activity was experienced. On 
the other hand, the veld Group V, under EArroo conditions, showed 
greatest sexual activity; 50 per cent of the sheep exhibited oestrus, 
one sheep experienced as many as 7 dioestrous cycles, and the total 
number of cycles of the group is seen to be 20; sexual activity 
occurred during the months of April to Jul.y 

As the three groups of dry-lot fed sheep at each of the two 
centres re(*eived identical treatment during the period under consi¬ 
deration, for the present the sexual activity of the M sheep at 
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Ermelo may be compared with that of the 30 sheep at “ Grootfon- 
tein At the former centre, 7 sheep showed oestrus, at the latter 
8 sheep, but the total number of dioestrous cycles experienced by 
these sheep is seen to be 10 and 22 respectively (Table 111). At 
Ermelo, the majority of active sheep experienced only one dioes¬ 
trous cycle, the maximum number of cycles being 3; at ** Grootfon- 
tein,*’ the majority of active sheep experienced 2 and 3 dioestrous 
cycles, the maximum number of (jycles being 5. It should be pointed 
out that one sheeji in each of Groups II and III exhibited oestrus 
during October; no previous activity had been observed in these 
sheep, and no instances of activity during September, October, and 
November were observed at “ Grootfontein (Appendix 6, Tables 
IX to Xyi.) Apart fiom these two instances of activity at Ermelo, 
the remaining limited activity appears to have been restricted to 
May and June, while at ‘‘Grootfontein” sexual activity occurred 
in all the months from April to August. 

With the ex<*eptioii of two cases in (i^roup Y and one case in 
Group VII, the onset of sexual activity may be considered to have 
tommenced after oestrous observations had begun. It appears, 
therefore, that these sheep experienced a restricted season of sexual 
activity (Ajipendix (i, Tables IX to XYI). 

Ily consulting the details of the oesti’ous observations and the 
individual weight data (Appendix (i. Tables I to XYI), it will be 
found that most of the sheep at both centres which experienced 
sexual activity are below the average weight of their respective 
groups and, in fact, in many cases they are some of the lightest 
sheep. 

Conclusions, 

1. Observations were made to determine the effects of trans¬ 
fer ling 4t) autumn-born Merino ewes at the age of 10*5 months 
from the Karroo to the eastern Transvaal. 

The observations are reported U]> to the time when the sheep 
were 18-5 months of age. 

It is indicated that the plan of the exj>eriment eventually aims 
to ascei'tain the influence of the absence of breeding and the time or 
season of breeding upon ovarian activity and the rhythm of the sexual 
seasons. 

2. Merino ew’es under Karroo veld t*onditions up to the age of 
18*5 months, attain a weight of fiO l lb. off shears, and they yield 
an average grease wool weight of 8*6 lb. Fifty per cent, of such 
sheep are sexually active w’hen from 12 to 131 months old. Sexual 
activity is restricted to the months of April to »Tuly, during which 
period 7 dioestrous cycles may be experienced, From July up to at 
least the middle of November, such sheep are in anoestrum. 

3. Merim) ewes reared under Karroo veld conditions up to the 
age of 10 5 months and then transferred to eastern Transvaal farm 
conditions, suffer great inhibition of body growth. They maintain 
an almost constant weight for 7 months and weigh 39-6 lb. off- 
shears at the age of 18*5 months. The grease wool jiroduction of 
finch sheep is 6*3 lb. 
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^o sexual activity is experienced by such sheep up to the age 
of 18*5 months. 

Nutritional factors are responsible for these adverse effects. 

4. Very satisfactory body growth and wool production result 
when Merino ewes 10*5 to 18*5 months of age are fed a daily ration 
ol 4 to 6 ounces of maiee^ 1*6 to 2*0 lb. of lueeine hay and a lick 
of bone meal and salt. Average off-shear weights of 66*8 to 65*6 
lb. are attained at the age of 18 5 months, and the grease wool yields 
of such sheep range from 7*9 to 8*9 lb. Twenty-three to twenty- 
seven per cent, of such sheep are sexually active when from 12 to 17 
months old, but in the majority of cases only 1, 2, and 3 dioestrous 
cycles are experienced, the greatest activitj^^ occurring during May, 
June, and July. While a few cases oi a single oestrus may occur 
after July, the majority of the sheep are in anoestrum for at least 
2*5 months. 

An alteration of climate appears to have some effect upon the 
duration of the sexual season; a change from the Karroo to the 
eastern Tiansvaal reduces the number of dioestrous cycles expe- 
x'ienced by approximately 54 per cent. 
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Expbbiment 7. 





Fig, aO.-^roup III: 23.7,85, 
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Expratnolira 7. 



Fig. 88,—Group VI: 38.7.88. 
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ExraBuutNT 7 . 



Fig. 35.—Group VIII: 28.7.36. 
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EXPEEIMENT a: 


Tuz Effects of iNocuiATioN, Sheaeikg, and DimNo 
UPON Sexual Activity. 

la most areas in South Africa, inoculation against bluatongue 
and dipping against external parasites are essential practices. 
Generally, inoculation is done about three weeks before shearing, 
which is foUowed by dipping. The usual custom is to complete these 
farm operations before the mating season which, when autumn lambs 
are obtained^ falls during October, November, and Decexnber, or 
even until as late as January. Variations of the order of inocula¬ 
tion, shearing, dipping, and mating do occur, for, in some areas, 
shearing is undertaken later and even as late as February. It is not 
necessary here to enter into the pros and cons of the best procedure 
for any particular area. It is evident that less difficulty in regulat¬ 
ing the practices must be experienced when mating is done during 
the autumn than when spring mating is undertaken. 

Frequently, suspicion exists that inoculation, shearing, and dip¬ 
ping affect the sexual activity of ewes in that either the onset of the 
sexual season is delayed, or the continuity of the dioestrous cycles 
is interrupted. Apart from making observations to prove or dis¬ 
prove these beliefs, it appeared that any information relative to this 
aspect would serve to render the findings in all other experiments 
reported here more complete. 

The object of the experiment was to ascertain whether the oes- 
trous cycle in the ewe is affected in any way by inoculation, shear- 
ingr, a|4^dipping. 

and Methodt.—^ix groups of sheep, each consisting 
of 10 wM>grown mature Merino ewes, were drafted into the experi¬ 
ment on wiober 13th, 1933. These sheep had been inoculated against 
bluetongue, shorn, and dipped a year previous to their inclusion in 
the experiment. It is hot known whether all the sheep were bred 
the previous season. ■ , 

The sixty sheep were grazed in one flock on natural pasture and 
they were given a constant supply of a lick consisting of two parts 
of bone meal and one part of salt. Dosing for gastric and intestinal 
worms was carried out at 28-day intervals. 

The flock was brought to the observations yards once daily for 
oestrous observations for which vasectomised teasers were used; the 
sheep were tested in groups of 10-15. 

The sheep were weighed at 14-dsv intervals; they were starved 
for 12 to 14 hours before being weigned. 

The treatnwnts of the groups are given in Table I. 
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Table I. 


Group. 

Inoculation. 

Shearing. j 

Dipping. 


February. 

February. 

March. 

II. 

November. 

January and February. 

Ill. 

No 

November. 

No. 

IV. 

No 

February. 

January and February. 


No 

February. 

No. 

VI. 

October. 

November. 

January and February. 


Results. 

The weight data of Groups 1 to VI are given in Appendix 7, 
Tables I to VI; the average weights at each period of 14 days have 
been computed and from these the accompanying Diagram 7 has 
been constructed. 


Diagram 7. 
Kxreuiment 8. 



Mean weights of groups at 14 day intervals. 
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The results of tke oeetrous obaerTutions during the experimental 
period of 200 days are given in Appendix 7, Tables VII to XII, in 
which the various treatments to which the groups were subjected 
have been included; the interoestrous periods of individual sheep 
are given in these tables. 

Tables II and III of the text have been constructed from Tables 
VII to XII of Appendix 7 in order to present the main features of 
sexual activity of each group. In Table II the total period has been 
divided into six periods, the time of application of the treatments 
forming a basis for such divisions. 

It will be noticed that one sheep in Gioup I, two sheep in 
Group II, and two sheep in Group III, did not exhibit oestrus dur¬ 
ing the experimental period. Three sheep in Groups I and II showed 
oestrus amr an extension of the period of testing; in these cases 
the inactive period is given in brackets (Appendix 7, Tables VII 
and VIII). The two inactive sheep in Group III were slaughtered 
for the examination of their ovaries after inactive periods of S07 
and 263 days. The results of the examinations of the ovaries of 
these sheep are given in Appendix 7a and Table IV of the text 
presents a summary of the findings. 


Dismission. 

Generally, it is not considered that sheep experience a marked 
setback in condition from the annual operations of inoculation 
against bluetongue, shearing, and dipping, but in farm practice 
these operations are arranged not to take place shortly before or 
during the mating period as it is suspected that the coming on of 
heat of ewes is disturbed or inhibited by such treatments. 

As shearing generally takes place after the first spring rains 
and when fresh pasture is available, it may be expected that sheep 
shorn in the spring or early summer show" a sudden increase in 
weight. It is seen from Diagram 6 that Groups II, III, and VI 
regained their pre-shearing weights in from 2 to 3 weeks after 
shearing. However, when shearing is postponed for approximately 
3 months, as in Groups I, IV, and V, rapid increases in weight are 
also experienced during the spring and summer months. It is 
apparent that, when sheasing takes place at the end of summer, no 
rapid regain of weight takes place. At the end of the experimental 
period, there is no significant difference between the mean weights 
of all groups. 

When sheep are inoculated against bluetongue annually, the 
reaction is mild and symptoms of the fever may be seen in only a 
very small percentage during the 7th to the 16th day after inocula¬ 
tion. An insignificant temporary drop in weight after inoculation 
is seen in the case of Group I {Diagram 7). 

The effect of dipping upon weight is insignificant and this is 
the ease even with sheep in long wool as in Group IV (Diagram 7). 
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A close study of tlie results of the oestrous obserratioas in 
Appendix 7, Tables TII to XII, will indicate that great difficulty 
is confronted in making an analysis for the interpretation of the 
results; this is due to marked indmdual differences of the time of 
the onset of the sexual season and the number of dioestrous cycles 
experienced during the period of_ observation, October, 1983, to 
April, 1934. Great individual variation has been seen to occur in 
all other experiments in which oestrous observations were extended 
over a long period of time. Out of Oie 60 sheep in this experiment, 
in only 3 cases did oestrus occur with great r^ularity; in 5 cases 
no oestrus was observed during 200 days of the experiment, although 
in 3 of the 5 cases, oestrus was dbserved after 208 to 240 days. 
Again, while in Groups IV and Y the maximum number of dioes* 
trous cycles, namely 10 and 12, was expeiiencmed by individuals, 
other individuals of the same groups experienced only 1, 2, or 3 
dioestrous cycles during the same period. Due to the likelihood of 
such great variations, greater reliability of results would be 
obtained by increasing the numbers of sheep in each of the groups 
to 30. However, the results are of interest in that they may act as 
a guide to further investigation. 

From Table II of the text it is seen that the sheep in Groups 
11 and YI were least active; 36 and 48 dioestrous cycles respectively 
were experienced in these groups. Both groups were shorn during 
the spring or before the onset of the sexual season, and Group YI 
was inoculated prior to shearing. ^ However, Group III was shorn 
at that time, and, while the activity exhibited by this group is 
greater than that of the former groups, 53 dioestrous cycles having 
been experienced, it is less than that of the unshorn groups in which 
from 54 to 60 dioestrous cycles were observed'. The greater amount 
of sexual^ activity exhibited by the three groups which were not 
shorn during November, is due, in the cases of Groups lY and Y, to 
the earlier onset of the sexual season, and, in Groups I and Y, to the 
greater activity during the earlier part of the sexual season (Tables 
II and III). If the number of dioestrous cycles occurring during 
the first period, when no treatments were given, are deducted then 
the total number of cycles of Groups lY and Y are affected and they 
become 51 and 56 respectively. 

The analysis upop the periodicity of oestrus.given in Table III 
of the text, indicates the absence of abnormal interoestrous periods 
in Group I, while the other groups, which were shorn in February, 
have 7-8 per cent, abnormal interoestrous periods. The November- 
shorn groups, II, III, and YI, have 16, 3, and 15 per cent, abnormal 
interoestrous periods; Group III received no other treatment but 
the November shearing. The mode of the interoestrous period of all 
groups is seen to be 17 dayt. 

Frorn^ the above, it appears evid^f that early summer shearing 
tends to inhibit sexual activity during the first few montits of the 
sex^ season. It is suggested that constant rains on slmm sheep 
during the heavy rainfall months of December and 3Fa»»a®y may 
tiring about slight inhibiticm of sexual aiddvity I), Ko 

mmogioal explanation can be offered for the irr^^ari^* 

m , 





Two groups of sheep, I and Yl, were inoculated against blue- 
tongue* In Group VI inoculation was done at the cust^ary time* 
The reaction to the inoculation is expected to take place between 
the 7th to the 15th day. 

In the case of Group VI, the inoculation was given before the 
onset of the sexual season and there is no direct evidence to indicate 
that the inoculation postponed the onset of the sexual season. In 
Group I, the injection was given on February 5th; and, subsequent to 
that date during the same month, 7 sheep exhibited oestrus, while 
the total number of dioestrous cycles was 10 (Appendix 7, Table 
VII). There is no evidence to indicate that the inoculation inhibited 
the occurrence of oestrus. 

The dipping of sheep in short or long wool, or dipping early or 
late during the sexual season, has no influence upon the onset of 
the sexual season or the regularity of the dioestrous cycles. Detailed 
evidence of these effects may be obtained by consulting the records 
giving the dates of dipping or the occurrences of oestrus of Groups 
II, IV, and VI in Appendix 7, Tables VIII, X and XII. In 18 
out of 20 cases of sheep which showed oestrus during the periods 
between dippings, oestrus recurred wdth normal regularity. Within 
26 days after the second dipping, not a single abnormal interoestrous 
period occurred in 22 sheep which were active during that period. 

< 

The results of the examinations of the ovaries of the two sheep 
in Group III, in which oestrus had not been observed for 307 and 
253 days, reveal that in one case ovulation had recently occurred 
(Table IV). The occurrences of spurious ovulations in such cases 
has been remarked upon in Experiment 2. In both cases relatively 
few Graafian follicles are present. 


Conclusions, 

1. Observations were made on the effects of inoculation, shear¬ 
ing, and dipping on the body weight and sexual activity of 60 Merino 
ewes. 

2. Shorn and unshorn sheep experience similar rapid increases 
in weight during the spring and early pmmer months. Spring- 
shorn sheep regain their pre-shearing weights within 2 to 3 weeks 
after shearing, but sheep shorn during the latter part of summer 
do not reflect such gains after shearing. 

3. An insignificant temporary drop in body weight occurs after 
inoculation. 

4. An insignificant temporary drop in body weight occurs after 
dipping. 

6. Marked individual differences of tbe time of the onset of the 
Mxual season and the number of dioestrous cycles exhibited occur, 
irrespective of the type of management practice adopted. 
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6. Early summer Bheariug appears to i^esult in slight inhibition, 
of sexual activity during the earlier part of the sexual season. The' 
onset of the sexual season of some individuals is postponed and the 
percentage of abnormally long interoestrous periods is increased. 
These conditions are suspected to be a result of constant rain upon 
the shorn animals. JSTo biological explanation can be given. 

7. In sheep which are inoculated annually, inoculation against 
bluetongue in no way inhibits sexual activity. 

8. The dipping of sheep in short or long wool has no influence 
upon the regularity of sexual activity. 

9. Spurious ovulations occur in cases in which oestrus is found 
to be absent during the entire sexual season. 
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EXPERIMENT 9. 

Ahtificial Induction of Oestrus during Anoestrum. 

The results reported in the preceding? experiments indicate that 
Merino sheep, and (jertain tyi>es of crossbred sheep, experience 
restricted annual sexual activity under the conditions obtaining at 
the Research Station. The sexual season of the sheep under observa¬ 
tion was limited to the autumn and winter months, w^hile an 
anoestrous period was found to occur during the remaining seasons 
of the year. However, marked differences in the degrees of poly¬ 
oestrum were observed in individuals and nutrition w’as found to play 
an important role in influencing the degree of polyoestrum exhibited 
by sheep. 

Restricted sexual activity such as evidenced limits the lambing 
season to the winter, spring, and early summer months. Under 
farm conditions, the growth of lambs during these seasons is greatly 
inhibited; the reasons for the retarded growth of such lambs were 
mentioned in previous sections. (The Physiographical Conditions, 
etc., The Methods of Sheep Husbandry, and E;xperiment 6). Also, 
attention w’as draw’ii to the fact that many Merino sheep farmers in 
the eastern districts of the Transvaal regulate lambing to occur 
during tw^o seasons, the autumn and the spring, and, for reasons 
previously stated, the former season is preferred. Ewes which do 
not mate, or which are not successfully mated, during the spring 
and early summer months, are mated in the autumn. Farmers in 
these districts maintain that the lambing season of Merino ewes may 
be altered from the spring to the autumn, provided the necessary 
precautions of management and mating are observed. In other words, 
it is contended that it is possible to affect an alteration in the rhythm 
of the sexual season of Merino sheep under the conditions obtaining 
in these districts. Further reference to this aspect wdll be made in 
the latter part of the discussion of this experijiient. 

Artificial methods of inducing normal oestrus and ovulation in 
animals in wdiich, for various reasons, oestrus does not occur, have 
received considerable attention during the past decade (Robson, 1934). 
The artificial method involves the administration of gonadotropic 
hormones in the form of extracts lu'epared from one of the following: 
anterior pituitary lobe, pregnant mare's serum, placenta, pregnancy 
urine. The last appears to be the most suitable material for the 
production of large quantities of extract (Robson, 1934). 

Warwick and co-workers (1933) used a serum prepared fixuu 
human pregnancy urine on goats during anoestrum and, while 
ovulation was produced in several cases, oestrus w’as not exhibited. 
The only successful application of an artificial method of inducing 
normal oestrus and ovulation in sheep during anoestrum w’hich has 
come to the author’s notice is that of Cole and Miller (1933). These 
authors used gonad stimulating hormone, the source of w^hich was 
untreated serum from pregnant mares. It is stated that a single 
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injection of 50^ R.U. or more, results in oYulation, but oestrus is not 
produced. Neither is oestrus induced by giving injections on several 
consecutive days. However, when a second injection of gonad 
stimulating hormone is given 16 days after the first injection, 
ovulation and oestrus result and a high percentage of fertility is 
obtained from matings made during such oestrous periods. 

As Merino sheep under certain conditions exhibit a higher degree 
of polyoestrum than any other breed of the same species (Marshall, 
1922; Quinlan and Mare, 1931), it may be thought that it would 
be more easy to induce ovulation and oestrus in Merinos during 
anoestrum in areas where restricted annual sexual activity is 
experienced. 

“ Prolan is a standardized anterior pituitary hormone accord¬ 
ing to Zondek. The preparation is contended to bring about normal 
sexual activity resulting in successful fertilization in horses, cattle, 
and pigs, for which the required dosages are given as 125, 125, and 
50 R.U. (rat units) respectively. No dosage is given for sheep. 

The object of the experiment was to ascertain whether Prolan ” 
is capable of inducing normal oestrus during anoestrum in mature 
and young Merino sheep and in young crossbred sheep the dams of 
which were Merinos. 

Materials and Methods .—The various sections, A to 1), of the 
experiment were conducted during the anoestrous periods of the 
years 1933 to 1935. For the purpose of convenience, the portions are 
presented as one experiment which is seen to consist of nine groups 
of sheep (Table I). 

The sheep used in the experiment M^ere drafted from the Research 
Station’s available flock, the general treatment of which has been 
described in a previous section (Experiment 1). However, in the 
case of Groups VIII and IX, the sheep had been under observation 
in Experiment G for 585 days before being utilized in this experiment. 

Groups I to IV(a) consisted of mature Merino ewes, Groups V, 
VI, and VII each consisted of 5 Border Leicester-Merino and 5 
Ryeland-Merino crossbreds 17 months old, and Groups Vlll and IX 
consisted of Merino ewes 24 months old. It will be noticed that a 
control group was included in each of the five series of groups. 

The sheep were tested for oestrus by mea(Ps of vasectomised 
teasers once daily for at least 20 days prior to the first injection of 
“ Prolan ”, after which daily oestrous observations were continued. 
In the case of Groups VIII and IX, oestrous observations were made 
twice daily after the first injection of Prolan 

The precautions demanded in the instructions for the use of 
Prolan ” were observed. The inguinal regions of the sheep were 
washed without the use of soap and disinfectants, but the areas were 
sterilized with ether before the subcutaneous injections of Prolan ” 
were given. 

The periods after which the various numbers of injections of 
Pwlan^’ were given to each group are indicated in the table of 
results. 
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With the exception of the sheep in Groups I and II, all sheep 
that showed oestrus during the period between injections and within 
40 days subsequent to the last injection were conhol served by rams 
the fertility of which had been assured by sperm tests. Two services 
were given each sheep; the second service was allowed six hours after 
the first. 


Results. 

Table I gives complete details with respect to each of the 
Groups I to IX. 


Discussion. 

In the experiments reported here, 10 Merino ewes in Group II, 
treated with Prolan ” on 5.12.33, received 12*5 R.U. at each of 
two injections, the second injection having been given 7 days after 
the first. 

It is seen that none of the sheep in the two groups exhibited 
oestnis during the i>eriod between injections, nor did sexual activity 
commence in Group II immediately after the ser^ond injection. In 
the control group, five sheep showed oestrus within 40 days after the 
second injection was given to Group II, and in the latter group 
fi sheep showed oestrus during the same period. It has been seen 
in the results of previous experiments, thal the s^*xual season of some 
Merino sheep may commence as early as the latter part of December 
(Experiments 1 and 8). 

It may be concluded that Piolan had no effect in inducing 
oestrus in the treated sheep. 

In se(‘tion B, 20 Merino ewes w*ere used in each of Groups III 
and IV, the latter group being given four injections of Prolan ” 
of 25 R.U. each at intervals of 6 d.ays from 23.11.34. 

It is seen that both in the <*ontrol and the injected groups, one 
sheep showed oestrus during the periods between injections. Also, 
in each case three sheep exhibited oestrus and were served within 
40 days subsequent to the last injection. In Group III (control), 
one showed a recurrence of oestrtis after service, whereas in Group 
IV two returned for service. By 18.2.35, or 87 days after the first 
injection was given to Group IV, 9 sheep in Group III and 10 sheep 
in Group IV had not shown oestrus. 

The above 19 sheep were used as a further test in which the 9 
sheep of Group III constituted the control Group III (a) and the 10 
sheep of Group IV constituted the treated Group IV(a). 

Group IV(a) was given two injections of Prolan of 50 R.U. 
each at an interval of 16 days, or approximately the mode of 
dioestrum of Merino sheep (Experiment 3). 

One control sheep exhibited oestrus between injections, and 
two of these sheep showed oestrus within 40 days subsequent to the 
last injection given Group IV(a). Four treated sheep showed oevstrus 
within 40 days subsequent to the last injection. One of the former 
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and two of the latter sheep returned for service. It should be noted 
that during the latter part of February a certain percentage of sheep 
may be expected to have entered the sexual season (Experiment 1). 

The results of the two systems of treatment with Prolan ’’ 
are negative. 

In section C, 30 crossbreds, Border Leicester-Merino and Rye- 
land-Merino, 17 months old were used for the observations. It is 
seen from Experiment 6 that sheep of this type are in anoestrum at 
this age, but that 100 per cent, sexual activity can be expected in 
such sheep during the following sexual season or when they are 
from 19 to 22 months old. Therefore the time of treatment was just 
prior to the sexual season of 1935. 

Groups VI and VII were given two injections of ‘‘ Prolan 
each of 50 and 75 R.F. respectively at an interval of 17 days. It 
appeared from the results of Experiment 6 that the dioestrous cycle 
of crossbred sheep is slightly longer than that of Merino sheep. 

One sheep in Group VI exhibited oestrus during the period 
between injections. One sheep in each of Groups V and VI, and 
two sheep in Group VII showed oestrus shortly after the date of the 
second injection of Prolan The latter two sheep returned for 
service. The inactivity of the sheep in all three gioups was marked 
during the period of observations or for 56 days. 

The administration of Prolan failed to induce oestrus in 
these sheep. 

The sheep in section D were comparatively well grown Merino 
ewes of 24 months of age. The sexual histories of these sheep have 
been given in the results of Experiment 6. Only 40 per cent, of 
these sheep had shown sexual activity during the previous sexual 
season (1934), when they W’ere 19 to 22 months old. It may be ex¬ 
pected that all these sheep'will show sexual activity during the 
coming sexual season (1936) or w^hen they attain the age of 28 or 
29 months (Experiment 1a). The sheep of Group TX Were subjecjted 
to treatment when, as evidenced in all previously reported experi¬ 
ments, sheep are most inactive under these conditions. 

Group IX was given tw^o injections of Prolan each of 100 
B.U. at an interval of 14 days. 

No sexual activity was observed in the control and in the treated 
groups, and the results from Prolan ’’ are, therefore, negative. 

It must be mentioned here that no definite explanation can be 
given for the high p^centage of infertility which resulted from the 
services given. It will be noticed that a total of 16 ewes in sections 
B and C was served and that only 50 per cent, fertility was estab¬ 
lished. As previously mentioned the rams used i^ere sperm tested; 
the microscopic examinations of the semen revealed the presence of 
very large quantities of highly motile normal spermatozoa and, 
therefore, such rams may be considered to have been highly fertile 
(McKenzie and Phillips, 1938). As the numbers ooncerned are small* 
the probability of incomplete oestrus, or oestrus without ovulation^ 
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cannot be considered. No experimental evidence is available to 
indicate that low fertility results when ewes are mated at the onset 
of their sexual seasons. 

The possibility of artificially inducing normal oestrus by the 
administration of gonad stimulating hormones is a matter of con¬ 
siderable practical importance to stud and flock owners. 

Stud breeders frequently find that valuable animals will not 
breed. It is not known whether the majority of such cases of infer¬ 
tility are due to the presence of pathological conditions resembling 
some of those encountered in bovines (Hammond, 1927; Quinlan, 
1929), or to obesity as suggested by Quinlan and Mare (1931), or 
merely to an unaccountable quiescent or even static state of the 
ovaries perhai)8 due to the absence of breeding. The probability 
exists that, in certain cases, the mating of such sheep is restricted to 
a particular time, and that such individuals may experience excep¬ 
tionally few dioestrous cycles during the entire year, as has been 
evidenced to occur in certain sheep under observation in many of 
the experiments reported in this thesis. However, it is possible that 
the administration of gonadotropic hormones may overcome some of 
the causes of infertility in stud sheep, and that, once the genital 
organs are set in motion, normal annual reproduction will result. 

Whether the application of successful artificial methods of in¬ 
ducing normal oestrus will be extended to flocks will depend upon 
the price of the preparations. In general flock practice, unpro¬ 
ductive ewes are marked and eventually culled during the annual 
classing. However, a problem of great concern to the flock owner 
is that of obtaining a high percentage of lambs at a time which is 
most favourable for the health and growth of the lambs. 

Previous mention has been made of the fact that both autumn 
and spring-born lambs are obtained in these districts. The author 
has been in intimate contact for three years with the mating opera¬ 
tions during the spring months of two Merino sheep farmers within 
•\ radius of 14 miles of the Research Station. These owners em¬ 
ployed the system of control serving, and, during the months of 
October and November, large numbers of ewes were served, while 
during those months at the Research Station, the sheep under obser¬ 
vation were in anoestrum. The assurance given by experienced 
sheep farmers, that the season of lambing of Merino ew'es under these 
conditions, may be altered from the spring to the autumn months by 
careful regulation of the time of mating, by early weaning of the 
lambs, and by maintaining the sheep in good condition, suggests an 
an explanation for the existence of two lambing seasons. No doubt 
is expressed as to the possibility of the alteration of the period of 
lambing, although the method of effeciing the change has not been 
subjected to experimentation. It is not known whether it is possible 
to convert all Merino sheep, whether the sexual season of the con¬ 
verted sheep occupies the full period of anoestrum of spring lambing 
sheep, whether in the absence of breeding the former sheep revert 
back to the condition in which the sexual season is restricted to the 
autumn and winter months, and whether autumn lambing sheep 
experience a shorter anoestrum or one of equal length to that of 
spring lambing sheep. 

11 
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During several years of experience in the eastern Transvaal 
highveld, the author has constantly come in contact with sheep 
farmers who have become alarmed about the abnormally low lamb^ 
ing percentages obtained by them, cases in which lambing results 
as low^as 50 and 40 per cent, have been reported. 

Many farmers have observed a tendency of their ewes to lamb 
in the spring rather than in the autumn. In a recent number of an 
agricultural periodical -{Farmsr^s Weekly, November 18, 1935), a 
Karroo farmer remarks upon “ ewe idiosyncrasies He states that 
it is exceedingly difficult to obtain more than half his lambs from 
the October to December mating, that some ewes have never lambed 
in the autumn, although they have lambed with great regularity in 
the spring, and he concludes that some ewes are willing to lamb 
only in the spring. 

The above general remarks have been made in order to present 
briefly the problems encountered by Merino stud and flbck owners, 
and to indicate the field for the application of scientific measures for 
ensuring higher fertility, which would assist very materially in ren¬ 
dering the sheep enterprise more remunerative. 


Conclusions. 

1. A standardized anterior piiuitary hormone, “ Prolan was 
given subcutaneously with the object of inducing normal oestrus in 
Merino and crossbred sheep during anoestrum. 

2. The following methods of administering the hormone failed 
to induce oestrus in the types of sheep mentioned: — 

(а) Mature Merino ewes received two injections of 12-5 11.IT. 
each at an interval of 7 days. 

(б) Mature Merino ewes received four injections of 25 R.TJ. 
each at intervals of 6 days. 

(c) Mature Merino ewes i^ceived two injections of 50 B.IT. 
each at an interval of 16 days. 

(d) Merino ewes 24 months of age received two injections of 
100 II. XT. each at intervals of 14 days. 

(a) Border Leicester-Merino and Byeland-Merino crossbreds 
17 months of age received'two injections of 60 R.TJ. each 
at an interval of 17 days. 

(/) Border Leicester-Merino and Byoland-Merino crossbreds 
17 months of age receiv-ed tw injections of 75 R.TJ. each 
at an interval of 17 days. 

3. The field for the application 4»f artificial methods of inducing 
oestruB^ in commercial studs and flocks is diacttssed. 
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PART 2. 

THE REFLECTION OF SOME PRINCIPLES OF SEX 
PHYSIOLOGiY IN PRACTICAL SHEEP HUSBANDRY. 

The data presented and discussed in this section have not been 
obtained from experimental findings, but by analysing: — 

A. Extracts from Merino stud registers. 

B. The observations of reliable stud breeders in various parts 

of South Africa upon the breeding habits of sheep . 

The results of the analysis of such records and observations have 
not been appended to attempt to render the experimental findings 
reported in this thesis more complete, but rather with the view of 
presenting some information, although limited, to indicate the ways 
in which some principles of sex physiology are expressed under 
practical conditions of sheep husbandry. It is contended that closer 
observation and the analysis of breeding records will assist very 
materially in eliKudating many practical breeding probleipas, which 
are of immense and far-reaching economic importance. 

i 

A. Tiik Analysis of Extracts fiiom Merino Stud Hegisters. 

It is not desired that animals should be compelled to leproduce 
when the process would endanger normal growth and development, 
yet it is most certainly of great economic importance that best use 
should be obtained of the full length of the period of the animal’s 
life during which reproduction is possible. 

The main object of this analysis is to obtain iiifoimation upon 
the length of the reproductive life of Merino ewes belonging to studs 
at Government Institutions, in which modern methods of manage¬ 
ment, selection, and breeding have been practised for very many 
years. It is possible that the results will suggest methods of manage¬ 
ment, selection, and breeding whicth would tend to improve fertility 
in studs. 


(a) Mating Maiden Merino Sttul Ewes. 

The results of mating Merino ewes in three Studs A, B, and C, 
maintained under Cai)e (Karroo), Transvaal, and Free State condi¬ 
tions respectively, have been analysed, and the respective results are 
given in Tables I, II, and III. 

It will be noticed that in the Case of Stud A, Table I, the control 
or hand service method of mating was employed, w’hile, in studs B 
and C, the small paddock system of mating was used; consequently, 
the information with regard to Stud A is more complete than in the 
cases of the latter two studs. 
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Tabi^ I. 

MATING MAIDEN MERINO STUD EWES. 

Stud A : {Controlled or Hand Service Mating). 


Mating 

Total 
No. of 
ewes 

Age at time of 
mating. 

Ewes mated* 

Lambs out of 
ewes mated. 

Lambs 

from 

Total 

season. 

avail¬ 
able for 
mating. 

Range. 

Aver¬ 

age. 

No. 

Per cent, 
of 

total. 

No. 

?er 

cent. 

No. of 
available 
ewes. 

1929. 

33 

Months. 

lS-19 

Months. 

17*3 

23 

m 

15 

65*2 

Per cent. 
45*5 

1930 (a)*.,. 

9 

19-21 

19*8 

9 



55*6 

55*6 

1930(6).... 

32 

22-27 

25*9 

26 


BIfl 



1931. 

52 

15-23 

19*9 

52 



71*2 

71*2 

1932. 

41 

18-28 

20*1 

32 

78*0 

19 

59*4 

46*3 

1933 (r).... 

63 

15-21 

18*8 

46 

73*0 

29 

630 

46*0 

1933 (d).... 

22 

24-27 

25*2 

16 

72*7 

10 

62*5 

45*4 

For all 









seasons... 

252 

15-27 

21*0 

204 

81*0 

128 

62*7 

50*8 


*Noti.—<( a) Sheep were bom in the autumn and mated in the spring at 19*8 months. 
(h) Sheep were bom in the autumn and mated in the autumn at 2.5*9 months. 

(c) Sheep were bom in the autumn and mated in the spring at 18*8 months. 

(d) Sheep were bom in the spring and mated in the spring at 25*2 months. 


Table II. 


Stud B: {Small Paddock Mating), 


Mating season. 

Total No. of 

Average age 
at time of 
mating. 

Lambs bom. 

ewes mated. 

i 

No. 

Per cent. 

1929. 

11 

Months. 

5 

45*4 

1930. 

2 

21 

1 

50*0 

1931. 

8 

18 

4 

50*0 

1932. 

7 

21 

3 

42*8 

1933. 

17 

25 

6 

:5*2 

1934. 

10 

21 

11 

68*8 

For all seasons. 

61 

21*2 

30 

49-2 
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Table III. 


SUid C : (Small Paddock Mating). 


Mating season. 

Total No. of 

Average age 
at time of 
mating. 

Lambs bom. 

ewes mated. 

No. 

Per cent. 

1930. 

31 

Months. 

21 1 

20 

64-5 

1931. 

34 

19 

11 

32-4 

1932. 

16 

20 

3 

18-8 

1933. 

21 

20 

8 

38-1 

For all seasons. | 

102 

1 20 

42 

41-2 


Discussion. 

Quinlan, Mare, and Boux (193U) state that Merino ewes show 
oestrus regularly at the ages of 9 to 10 months,; 100 per cent, sexual 
activity was observed at that age. 

The usual stud i)iaciice is to mate maiden ewes when they are 
18 to 20 mouths old; at this age such sheep rfre well grown and 
piegnaucy does not inhibit further development, so that by the end 
of the gestation period, the sheep are approximately 24 months old, 
fully grown, and able to stand the more severe strain of lactation 
(Patkes 1929). 

It is seen from Tables I, II, and III that the ages of mating 
(>f)nforni to the above stud practice, except in the case of the 1930 (/>) 
season when autunm-l>orn lambs were mated in the autumn at 25*9 
months of age, and the 1933 (d) season when spring-born lambs were 
mated in the spring at the age of 25 2 months (Stud A, Table I). 

The percentage of the available ewes actually served was obtain¬ 
able only in the case of Stud A, in which controlled serving was 
practised; this percentage during the seven mating seasons is seen 
lo range between 69*7 and 160 per cent., the average being 81 0 ])er 
cent. (Table I). The fertility established in these matings is given, 
and it is seen to range betw^een 50*0 and 71*2 per cent., the average 
foi the seven seasons being 62*7 per cent. Yet more interesting, are 
the percentages of lambs obtained from the total number of avail¬ 
able maiden ewes; this figure ranges between 40*6 and 71*2 per 
cent., the average being 5()*8 per cent. (Table I). 

These percentages of successful matings in the case of Stud A, 
may be compared with those in Studs B and C, in which small pad- 
dock mating was practised. Marked variations in fertility occur 
also in the latter two studs, and the fertility for all seasons is equally 
poor in the case of Stud B, being 49*2 per cent. (Table II), and 
ajipreciably poorer in the case of Stud C, being 41*2 per cent. (Table 
III). The results in the latter case are for only four seasons, but 
102 sheep are involved. 
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It is very evident that the fertility of Merino stud ewes 18 to 
25 months old in the studs examined is very low. The infertility 
of such ewes is due to approximately 20 per cent, of the ewes not 
showing oestrus during the mating period, and approximately 40 per 
cent, of the ewes mated not being fertilised. 

In connection with the results obtained in the case of Stud A, 
it is of interest to consider the types of seasons experienced. For the 
particular area, the South African Karroo, the rainfall records are 
considered an excellent guide; these records are given in Table IV. 

By studying the results reflected in Table I and the rainfall 
records in Table IV, it is not evident that a high correlation exists 
between high sexual activity (ewes mated) and high rainfall* or high 
fertility (successful matings) and high rainfall. Both 1928 and 1929 
were average to ^ood rainfall years, and abundant spring rains were 
experienced during 1929; yet only 69*7 per cent, of ewes were 
served, 66-2 per cent, of which lambed, and only 45*4 per cent, of 
the total number of ewes lambed. The rainfall during 1930 was 
only 8 inches, the spring rains in 1931 were late, and not much rain 
was experienced even during October and November, the months of 
mating; yet 100 per cent, of ewes were mated, and the percentage 
fertility reflected in the number of lambs obtained, 71*2 per cent., 
was higher than that of any other season. 

Interesting information with regard to the influence of season 
of birth upon the eventual seasonal sexual activity has become avail¬ 
able in the analysis of the records of Stud A. 

Russell (1919), working with Rambouillets and several British 
breeds and their crosses in the United States, considers that evidence 
was revealed which indicates that spring-born lambs tend to produce 
spring lambs, and autumn-born lambs tend to produce autumn 
lambs. ' 

In this connection, the following extracts taken from Table I 
are of interest: — 

(1) In the season 1930 (a), 100 per cent, of sheep born in the 
autumn were mated in the spring at 19-8 months of age, 
and 55‘6^peT cent, fertility was obtained. 

(2) In the season 1930 (6), 81*2 per cent, of sheep born in 
the autumn were mated in the autumn at 25*9 months of 

^ age, and 50 per cent, fertility was obtained. 

(3) In the season 1933 (c), 73*0 per cent, of sheep born in 
autumn were mated in the spring at 18*8 months of age, 
and 63 per cent, fertility was obtained. 

(4) In the ^ason 1933 (d), 72*7 per cent, of sheep born in 
the spring were mated in the spring at 25*2 months of 
age, and 62*5 per cent, fertility was obtained. 

It is evident that the above information upon young Merinos 
under South African Karroo conditions, does hot bear out Russell’s 
contention. 
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Conclusions, 

1. Data weie obtained by considering a total of 415 maiden 
Merino ewes in three studs maintained under Cape (Karroo), Trans¬ 
vaal, and Free State conditions. 

2. Approximately 20 per cent, of maiden Merino ewes, between 
the ages of 18 to 25 months, do not experience a continuous series of 
dioestrous cycles during the recognized mating seasons. Under 
South African Karroo conditions, mating may be undertaken in the 
autumn and spring seasons. 

3. Approximately 40 per cent, of maiden Merino ewes mated 
are not rendered fertile. 

4. The percentage of maiden Merino ewes that lamb during the 
ages of 23 to 30 months is only 41 to 51 per cent. 

5. The controlled service method of mating has the advantage 
of revealing cases in which sexual activity is absent and in which 
fertility has not been established by mating. This method of mating 
is recommended in the case of maiden ewes, because it indicates the 
need for extending the mating period. It is considered desirable 
1o set the reproductive processes of young ewes in motion as soon as 
possible after they are 18 months of age. 

(b) The Breeding Histories of Prolific Merino Ewes. 

The bleeding records of thirty of the most prolific' ewes have 
been extracted from each of three Merino stud registers. Tlie studs 
are referred to as Studs A, B, and C, w^hich were maintained under 
Cape (Karroo), Transvaal, and Free State conditions respectively. 
The details of individual ew'es in the studs are given in Tables V, 
TI, and YII respectively. 

Table VIII has been constructed from the above Tables V to 
VII in order to permit a comparison of the different studs. 

Discttssion, 

No data upon the reproductive capabilities of stud Merino 
sheep under South African conditions have been analysed 
and published. There is no doubt that a more intimate knowledge 
of the breeding histories of the individuals in studs w^ould avssist 
gieatly in the establishment of higher fertility, as this character, 
like all body characters, has a genetic basis. 

While it is realised that a more thorough analysis embracing 
animals of high and low fertility would yield more valuable infor¬ 
mation, so complete an analysis is not possible here owing to the 
excessive amount of data that would have to be presented. By con¬ 
sidering the 30 most prolific ewes on record in each of three studs, a 
conception of the highest degree of fertility in these studs will be 
obtained and this wnll serve as a guide. 

Age at First Successful Mating, —In Stud A, the ewes w^ere born 
during the years 1921 to 1926 (Table V). The ages at the first suc¬ 
cessful matings ranged between 18 and 32 months, the average being 
21-0 months (Table VIII). It has been computed from the former 
table that 90 per cent, of the ewes were successfully bred at the 
ages of 18 to 24 months. 
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The Breeding Histones of thf* A/osf Prolific Hires in Merino Stud Register 
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Tabm VI. 

The breeding Histories of the Most Prolific Ewes in Merino Stud Register B. 
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Table VII. 

The Breeding Histories of the Most Prolific Ewes in Merino Stufl liegister 
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Table VIII. 
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(c) The numbers in brackets indicate the number of individual sheep involved. 
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In Stud B, with the exception of one ewe, No. 12952, the ewes 
were born during the same years as those of Stud A (Table VI). In 
Stud B, the ages of the first successful matings ranged between 18 
and 69 months, the average being 37*6 months (Table VIII). It has 
been computed from the former table that only 26*7 per cent, of the 
first successful matings occurred during the ages of 18 to 24 months. 

In the case of Stud C, the ewes were born during the years 1914 
to 1917 and 1920 to 1929. The exact date of birth of the ewes is not 
available, but it has been reported that the sheep were successfully 
mated at the ages of 18 to 24 months (Table VII). 

Life Period of Lambing .—The life period of lambing is a figure 
of particular interest, as it not only indicates the duration of the 
repioductive period, but also reflects the general ability of the sheep 
to exist under the particular conditions. The value of the figure is 
reduced somewhat by the presence of sheep w^hich were reported as 
“missing”; also, some individuals are at present in the studs so 
that their reproductive peiiods may not have terminated. 

The life periods of lambing of the three studs are reflected in 
the ultimate analysis presented in Table VIII, in which the periods 
have been considered to the nearest 12 months. The periods are seen 
to range from 5 to 10 years, 4 to 8 years, and 6 to 10 years in Studs 
A, B, and C respectively, and the respective averages are 7*42, 5*25, 
and 8*25 years. The frequency columns indicate that, in the case 
(d Stud A, the modal life period of lambing is o^ly 6 years, although 
in 50 per (rent, of cases this period extemls betw*een 8 and 10 years. 
In Stud B, the modes are only 4 and 5 years, and nearly 50 per cent, 
have a life i)eriod of lambing between 4 and 6 years. The period, 
in the case of Stud G, is appreciably longer; the mode is 9 years, 
and in 80 per cent, of cases the life period of lambing is 8 to 10 years. 

Number of Lambs Produced ,—The Merino is not a fecund 
bleed; twins and triplets are not frequently produced. As the 
Merino is essentially a wool producing breed, it is not unlikely that 
selection for wool qualities has been carried out to the detriment of 
fertility. In this connection, it is of interest to mention a case of 
abnormal fecundity reported by Pearl (1913), of a ewe which gave 
19 fleeces and bore 36 full growm lambs among which there were 7 
sets of twins and 6 sets of triplets. It is also of interest to place on 
record a case reported by Mr. Gadd, Springfield, Tafelberg, Cape, of 
a Blackhead Persian ewe that attained the age of 28 years during 
which time she bore and reared 30 lambs. 

An analysis of the lambs produced by the three studs under 
(consideration is given in Table VIII. 

The average number of lambs produc^ed by Studs A, B ,and C 
was 9*0, 5*2, and 9*4 respectively. 

The frequency columns of the table reveal further details. In 
Stud A, the mode of the number of lambs produced is 10, in Stud B 
only 4, and in Stud C 8 and 9, In 66*7 per cent, of cases in Studs 
A and 0. 9 to 13, and 9 to 14 lambs were produced respectively, 
whereas in Stud B ,the maximum number of lambs produced was 
only 8, and in 63*3 per cent, of cases only 4 and 5 lambs were pro¬ 
duced. 
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la the case of Stud certain ewes produced lambs during the 
autump. .and during the followings spring (Table V). This would 
increase the number of lambs that would have been produced beyond 
the number likely to have resulted, if the usual one annual lambing 
had been practised. 

Sets of Twins .—The fecundity of the ewes is reflected in the 
sets of twins produced (Table VIII). 

The total number of sets of twins produced is nearly similar in 
Studs A and C, namely 41 and 40 respectively; the equivalent figure 
for Stud B is only 17. Twins were produced by 66*7 per cent, of 
cases in Stud A, 43*3 per cent, in Stud B, and 60*0 per cent, in 
Stud C (Tables V, VI, VII). In Studs A and C the modal number 
of sets of twins produced during a life period is two, and in Stud 
B one. 

Non4ambing Years .—The non-lambing years indicate the 
absence of reproduction and they are to be considered in estimating 
the fertility of a stud. 

The total number of non-lambing years in Studs A, B, and C 
were 7, 22, and 12 respectively, and these occurred in a total 
life period of lambing years of 222*5, 161, and 250 respectively 
(Tables V, VI, and VII). 

In Stud A, five sheep missed one, and one sheep missed two 
lambing seasons (Table V). In Stud B, nine sheep missed one, five 
sheep missed two, and one missed three lambing seasons (Table VI). 
In Stud C, seven sheep missed one, one sheep missed two, and one 
sheep missed three lambing seasons (Table VII). 

Autumn and Spring Lambing .—In general practice, it is not 
desired that ewes that lamb in the autumn should lamb during the 
next spring, because of the heavy drain on the sheep. In some areas 
the possibility of such intensive reproduction in the case of Merinos 
would be questioned. 

Parkes (1929), states that ithere is no cyclical ovarian change 
during lactation in the sheep, but Quinlan and Mare (1931) found 
that, in Merinos under South African Karroo conditions, ovulation 
may occur within 10 to 15 days following normal parturition and 
the latter authors state that such ovulation is not accompanied, 
as a rule, by the physiological exhibition of heat when the ewe suckles 
her lamb although when the lamb is still-born ovulation accom¬ 
panied by normal oestrjus may occur as early as 17 days after partu¬ 
rition 

The analysis given in connection with Stud A, Table V, con¬ 
tains some data upon this phase. Such data have been extracted and 
presented in the following Table IX, trhich contains the lambing 
dates of cases in which spring lambing was preceded and followed 
by autumn lambing. The period between lambings, or the inter¬ 
mediate period, has been divided into the gestation period and the 
period of lactation and rest. Quinlan, Mare, and Roux (1932) found 
the gestation period of Merino sheep to be 151 days; this figure has 
been used to determine the period of lactation and rest. Unfortu¬ 
nately the exact ages at which the lambs were weaned are not known, 
but the practice at the institution is to Wean lambs at the age of 
3^-4 months. 
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From Table IX it appears that in some cases successful mating 
took place a relatively short period after parturition^ indicating 
that ovulation and oestrus occurred at that time. 

The periods from parturition to the time of the next successful 
mating which resulted in the alteration of the season of lambing 
were: 12, 38, 51, 53, 60, 111, 112, 119, 127, 134, 369, 365, 380, 405, 
433, and 730 days. In general practice, the lactation period and 
the period of rest before mating takes place, make up a total of 214 
days. Hence, the above periods of 12 to 134 days are exceptionally 
short, and the periods of 359 to 730 days are abnormally long. It 
must be pointed out that, in the above instances of short rest periods, 
only in the case of the 38-day period did the lamb die at or shortly 
after birth. In the other cases in which the lactation and rest 
periods were 12 to 134 days, the lambs are reported to have suckled 
their dams; these are, therefore, cases of exceptional early ovarian 
activity after parturition. The longer periods of 359 to 730 days 
indicate that, for some reason or other, mating, or perhaps successful 
mating, did not occur at the usual time. However, it must be noted 
that successful mating did eventually occur during a season other 
than that during which the previous successful mating took place. 

Conclusions, 

1. The breeding histories of a total of 90 of the most prolific 
Merino ewes out of three studs maintained under Cape (Karroo), 
Transvaal, and Free State conditions, have been analysed. 

2. The age at the first successful mating: — 

(a) XTnder Karroo conditions, 90 per cent, of prolific ewes are 

successfully mated at the ages of 18 to 24 months. The 
average age for all cases is 21 months. 

(b) Under Transvaal conditions, approximately 27 per cent, 
of prolific ewes are successfully mated at the ages of 18 
to 24 months. The average age for all cases is 37*5 
months. 

(c) The same information is not available for Free State con¬ 

ditions, but it appears that the most prolific ew^es can be 
successfully bred betw^een the ages of 18 to 24 months. 

3. The life period of lambing is influenced greatly by the age 
at which the first successful mating occurs. When the first repio- 
duction occurs at the normal age (23 to 29 months), the average life 
period of lambing of prolific ewes is approximately 8 years, but when 
the first lambing is postponed, the average is reduced by approxi¬ 
mately 3 years. 

When the first reproduction occurs at the normal age (23 to 29 
months), the life period of lambing of 50 to 80 per cent, of prolific 
ewes is 8 to 10 years. 

When the first reproduction is postponed, the life period of 
lambing is approximately 5 years, and approximately 50 per cent. 
o{ cases have a life period of lambing between 4 and 6 years. 
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4. The number of lambs produced is influenced greatly, but not 
entirely, by the life period of lambing. During a normal life period of 
lambing of prolific, ewes, approximately 67 per cent, of ewes produce 
9 to 14 lambs, the average being approximately 9 lambs. 

In cases in which the first lambing is postponed, 63 per cent, of 
the ewes produce only 4 and 5 lambs, and the average production 
of all ewes is 5-2 lambs. 

5. The fecundity of the ewes is reflected in the number of sets 
of twins produced. 

In the cases in which reproduction commences at the normal 
age, twins are produced by 60 and 67 per cent, of the ewes, and the 
total number of sets of twins prodiKied in approximately 40. 

In the case in which the first lambing is postponed, 43 per cent, 
of the ewes produce twins, and the total number of sets of twins 
produced is 17. 

6. The presence of non-lambing years reflects inconsistency in 
breeding, but when a large number of individuals is considered, a 
certain number of unproductive years appears to be permissible. 

Considering the total life periods of lambing years of the two 
more highly productive studs, A and C, the ^non-lambing years 
amount to 3*1 and 4*8 per cent, respectively; the equivalent figure 
in the less productive Stud B, is 13*7 per cent. 

7. Tinder Karroo conditions, prolific Merino stud ewes expe¬ 
rience normal ovulation and oestrus as soon as 12 to 60 days after 
parturition, while in other instances this period is found to range 
between 111 and 134 days. Such short periods of sexual revst permit 
an easy coiiveision of the lambing season from autumn to spring 
and rive versa. 

Further, evidence indicates that after longer periods of sexual 
rest, there appears to be no definite tendency for piolific ewes under 
Karroo conditions to adhere to any one particular time of the year 
or season for lambing. 

8. It must be emphasized that the above analysis was made from 
the re(‘ords of the most prolific ewes in the three stud registers, and 
that the average fertility of the studs is veiy likely to be somewhat 
lower than that reflected by this analysis. 

liecomm^7i flat ions, —1. The infertility of maiden ewes reflected 
in the results of the analysis of the records of three Merino studs is 
marked. 

The control or hand service method of mating maiden ewes is 
preferable to the small paddock system of mating, in that the former 
method reveals the cases in which sexual activity is absent and in 
whi(h fertility has not been established by mating. Hen(*e, con¬ 
trolled serving clearly indicates the need for the extension of the 
serving period in order to obtain a maximum number of successful 
matings. 

12 
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When mating is undertaken in the spiing, every endeavour should 
be made to autumn mate ewes which did not exhibit oestrus during 
the spring, or which were not fertilised during the spring mating. 

The need for setting the generati\e organs of young sheep in 
motion appears to be of such gieat importance, that it may prove 
advantageous to extend the mating periods over seveiel months and 
to tolerate the disadvantages of awkward periods of lambing. 

2. The breeding histories of the most prolific ewes in three 
Merino studs have been examined. The postponement of the breed¬ 
ing of maiden Merino ewes decreases the life period of lambing and 
reduces fertility and fecundity. Every endeavour should be made 
t(. obtain normal growth and to establish fertility by mating maiden 
ewes between the ages of 18 to 24 months. Recommendations for 
accomplishing this have been made in the above section. 

The occurrence of non-lambing years means direct economic loss. 
TTon-lambing years result in reduced material from which selection 
for improvement is to be made. This latter aspect is of particular 
importance in the progress of breeding in South Africa, where the 
studs are comparatively small and consequently selection is limited. 
Many factors may bring about infertility; the proper management 
of mating operations appears to be of considerable importunc^e. How¬ 
ever, the subject is of too great length to be dealt with fully here; 
the precautions necessary to ensure fertility were mentioned recently 
in a general discussion by Roux and Hoffman (1935). 

As fertility has a genetic basis, selecjtion for the charactter will 
bring aboxit increased fertility. Mr. P. D. Rose (1935) {n private 
correspondece with the author, drew attention to the greater need 
for attention to the milking qualities of ewes during the selection ot 
breeding stock. The establishment of higher milking qualities would 
permit greater concentration upon selection for fecundity. 

B. The Bkeeding Hawits of Sheep in Various Parts 
OF South Africa. 

A certain amount of information relative to the breeding hal)its 
of sheep in South Africa has become available at a few centres wlieie 
researches upon the sex physiology of sheep have been conducted. 
Only recently, experiments in sex physiology have been organized to 
study the peculiarities^ of various breeds of sheep and such differences 
as may result due to altered physiographical (auditions, A small 
portion of this work has been reported in this thesis. (Experiments 
and 7), 

Ktipfer (1928) states that, y^^hile sheep in Central Europe expe¬ 
rience continuous annual sexual activity. Merino and Woolled 
Persian sheep in South Africa (w^estein Free State) have a prolonged 
inactive or anoestrons period during the spring and summer months, 
thus liiuiting the period during which reproduction is possible. 

Quinlan and Mare’s (1931) observations on Merino sheep under 
Cape (Karroo) conditions, do not agree with those of Kiipfer. The 
former authors state that, provided conditions (rainfall and pasture) 
are favourable, Merinos under South African conditions* experience 
a continuous series of dioestrous cycles throughout the year. 

028 



LUCIEN L. EOUX. 


The observuliouti reported by the author in this thesis agree to 
a very great extent with the results of Kiipfer (1928). 

With the exception of the results reporied by Kiipfer (1928) on 
Woolled Persian sheep aud those presented in this thesis on various 
crossbred sheep, no controlled observations uj)on the sexual activity 
ot breeds oilier than the Merino have been recorded in South Africa. 

The Britisli breeds of sheep, in their home country and in other 
countries in the northern hemisphere, experience restricted annua] 
sexual activity; the inactive sexual period, or anoestrum, occurs 
during the vspring and summer months (Heape, 1900; Marshall 1903, 
1922; Marshall and Hammond, 1925; Roberts, 1921; Cole and 
Miller, 1933; Grant, 1934). 

Although, apparently, no controlled observations wore made by 
Quinlan and Mare (1931), they are ot the opinion that the acclimati¬ 
sation of certain mutton breeds of sheep (Suffolk, Romney Marsh, 
Corriedale, Dorset Horn, and Wensleydale) takes about six months; 
the environmental change from Europe to South Africa is said to 
result in tennx)rary sexual inactivity. 

In order to obtain a general iini>re8sion of the practical problems 
ot sex j)hysiology in sheep confronting stud breeders, a questionaire 
was (drculated to many breeders of various breeds of sheep in the 
four provinces of the Union. Since failure to^reproduce is due, in 
the great juajority of cases, to the absence of sexual activity of the 
females, and the marked absence of breeding at times when mating 
is usually attempted (autumn and spring) is likely to be noticed by 
stud owneis, the observations ot stud breeders should yield some 
general information upon the breeding habits of their breeds of 
sliet'p. The main purpose of the questionaire was to ascertain, 
whether l)ree(1e]*s had observed restricted or unrestricted season or 
seasons during wdiicli sheej) would breed or mate. It is gratifying 
in note that many breeders replied to the questionaire, and that 
ihere appeared to be no hesitation in giving opinions based upon 
their experiences. 

The non-w{K)lled breeds such as the Blackhead Persian, 
Afrikander, and Ixarakul are restricted almost entirely to the semi- 
arid aieas of the Union, 

Blackhead Persian ewes reach sexual maturity at the age 
of () months, which is earlier than Merinos under similar conditions. 
It is (‘onsidered that non-pregnant ewes of this breed may be bred 
at any time of the year; hence vsexual activity is continuous through¬ 
out tile year. It is possible to obtain two Iambings in three years 
from this breed. 

The Ronderib Afrikander reaches sexual matuiity at 5 months 
and the ew^es may be bred during the spring and autumn months. 

Karakuls mate readily during the spring months and it is said 
that spring lambs are difficult to obtain. However, it is contended 
that two lambings a year are possible when the young lambs are 
slaughtered for pelts. 
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A limited number of studs of Corriedales and a few of the British 
breeds are found in the four provinces. 

Su&lks have been found to have a restricted lambing season, 
which is said to extend, in the Transvaal, from July to September, 
and in the Cape, from July to November. Maiden ewes can be 
mated at the age of 18 months. An interesting case is reported in 
which imported ewes were landed in South Africa during November; 
they lambed the following April and May, and again in December of 
the same year; since then for many years, autumn lambing has been 
attempted without success. In another case, imported ew-es w’ere in 
this country for one year before they lambed and lambing occurred 
in the spring. 

Southdowns have been experienced to have a restricted lambing 
season under Cape (Karroo) conditions; this season may extend from 
July to November. Maiden ewes may be bred successfully at the 
age of 18 months. 

Oxfords in the western Transvaal can be bred to lamb in the 
autumn and spring. It is said that maiden ewes can be mated at 
12 months of age. 

Romney Marsh sheep have a restricted lambing season which 
occurs in the spring under Cape conditions. Maiden ewes can be 
mated successfully at the age of 18 months. 

Dorset Horn sheep can be mated to lamb during the autumn 
months under Karroo conditions. No evidence of spring lambing 
in this breed is available. 

Corriedales in the Transvaal have a restricted breeding season; 
lambs are born in the spring. A small stud of Corriedales is kept 
at the Knuelo Research Stalioif, and it has not been possible to lamb 
down earlier than July. However, it has been reported that in 
Natal, Corriedales lamb in the autumn and spring seasons. 

Merino breeders generally maintain that autumn lambing is 
more satisfactory in that such lambs do not receive the set back to 
which spring-born lambs are subject, because of internal parasitic 
infection. While marry farmers mate only in the spring for autumn 
lambs, a large number obtain both autumn and spring born lambs; 
the practice is adopted in all four provinces. , This \rould indicate 
the existence of two mating and, hence, two sexual seasons in 
Merinos under various South African conditions. It is important to 
note that, in cases where both autumn and spring lambs are obtained, 
it has been reported from some of the best sheep areas of the Cape 
(Karroo) and the Free State, that spring-born lambs are more easy 
to obtain than autumn-born lambs. This would indicate that, under 
those conditions, a larger number of ewes exhibit heat during the 
autumn than the spring, or that a larger percentage of ewes mated 
during the former season are fertilized. A certain number of breeders 
actually reported sexual inactivity of the* ewes during the spring 
months. 
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Various explanations are given by breeders for the delayed 
sexual activity of Merino ewes. The greater percentage consider that 
rainfall is the determining factor; droughts delay the breeding 
season and ewes are said to come on heat about 14 days after the firsi 
good rains. Others can find no reason for the great variations in 
early and late mating seasons observed by them, and the failure of 
“ dry ’’ ewes to take the ram duiing certain seasons when it is 
desired to undertake mating operations. 

Discvssiou, 

It appears that the extreme degree of polyoestrum is a breed 
(‘haracteristic of some of the non-woolled breeds of sheep, especially 
the Blackhead Persian. While it is considered definite that the 
latter l)reed is capable of lambing at any time of the year under 
Cape (Karroo) conditions, it is not known whether continuous sexual 
activity would be maintained under different physiographical con¬ 
ditions. 

Most British breeds of sheep when transferred to South Africa 
maintain their breed characteristic of restricted seasonal sexual 
activity, but they alter the rhythm with respect to the calendar months 
nr, in other words, their sexual activity conforms to the new order 
of the seasons. It appears highly probable that the time taken for 
the conversion w’ill depend upon the season during which the animals 
are introduced into the new environment, but it is suspected that the 
conversion is rapid. 

The Dorset Horn, which is knowm to have two sexual seasons in 
other countries (Boberts, 1921 ; Marshall, 1922), apparently expe¬ 
riences similar activity under South African (Karroo) conditions. 

With regard to the Merino, the bulk of evidence indicates that 
great variation exists. The extreme degree of polyoestrum has been 
observed under experimentation to exist under Cape (Karroo) con¬ 
ditions (Quinlan and Mare, 1931). No doubt, under such conditions, 
autumn and spring lambs are equally easy to obtain. The extreme 
polyoestrous (condition apparently is a Merino characteristic. How¬ 
ever, evidence indicates that the characteristic is not given full 
expression in all areas of the country. Whether, and to what degree, 
variations in the sexual activity of Merino sheep are influenced by 
climatic and nutritional conditions, will remain obscure until the 
problem is solved by strictly controlled experimentation. 
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APPENDIX 2. 


EXPERIMENT 2. 


MA0R0S(:0P1C EXAMINATION OF OVARIES. 

[Groups I to VIII: Nos. (1) to (69).] 

Group I. 

Observations commenced 24th JuJ5% 1932. 

Ration per capita per diem.—^Maize, 4 oz.; teff hay, 2-5 lb.; lick ad lib 
(2 parts bone meal, 1 part salt). 

{1) Sheep yo. 29252.—Date slaughtered, 1st November, 1934; age, 4 years; 
condition, good; weight, 74-0 lb. 

Sexual llisioTi/. 

27.7.32 to 15.8,32 (20 days): two exhibitions of oestrus. 

10.8.32 to 13.2.33 (182 daj’s): anoestrous period. 

14.2.33 to 24.7.33 (161 days): ten exhibitions of oestrus. 

25.7.33 to 22.2.34 (213 days): anoestrous period. 

23.2..34 to 2.8.34 (161 days): ten exhibitions ol oestrus. 

3.8.34 to 1.11.34 (91 days): anoestrous period. 

i’terus, —Weight, 22*5 gm. 

Jjcft Ovary, —Weight, 0*82 gm.; inesauresments, 1*3 by 1*3 by 0*9. cm. 

The abnorninlly large measureinent from the attached to the 
lateral border is due to the presence of a large Graafian follicle of 
0*6 cm. in diameter. On section this Graafian folli(4e is found to con¬ 
tain a clear fluid, and the outer wall is thin. Eight small Graafian 
follicles of 0*1 to 0*2 cm. in diameter are present on the surface of 
the ovary. 

No corpus Iiiteum is seen. A few* remnants of previous corpora 
lutea are present. 

Itight Ovary, —Weight, 0*63 gm.; measurements, 1*2 by 1*1 by 0*8 cm. 
Six small Graafian follicles of 0*1 to 0*2 cm. are present. 

No corpus luteum is seen. 

No remnants of previous corpora lutea are present. 


(2) Sheep No. 29270.—Date slaughtered, loth August, 1934; age, 4 years; 
condition, fair; w*eight 61*() lb. 

Sexual History, 

1.8.32 to 17.8.32 (17 days): two exhibitions of oestrus. 

18.8.32 to 23.2.33 (190 days): anoestrous period'. 

24.2.33 to 22.7.33 (149 days): ten exhibitions of oestrus. 

23.7.33 to 15.8.34 (389 days): anoestrous period. 

No exhibition of oestrus was observed during the sexual season, 
February to August, 1934. 
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Left Ovary, —Weight, 0-70 gm.; measurements, 1-2 by 1-0 by 0*8 cm. 

Two conspicuous Graaiian follicles with diameters of 0*3 and 0*5 
cm. are present together with several smaller ones of 0*1 to 0*2 cm. 
A total of six Graaiian follicles can be counted. 

jNo corpus luteum is present and no remnants of previous corpora 
lutea can be detected. 

Bight Ovary, —Weight, 0*66 gm.; measurements, 1*1 by 1*0 by 0*7 cm. 

Eight Graafian follicles can be counted on the surface of the 
ovary; the three largest are 0*2 cm. in diameter. 

There is no corpus luteum present. A slight yellowish colouration 
on the sectioned margin is the only indication of the presence of a 
remnant of a previous corpus luteum. 


(S) Sheep No, 29325.—Date slaughtered, 4th January, 1935; age, 4 years; 
condition, fair; weight, 62*5 lb. 


Sexual History, 

24.7.32 to 14.3.33 (234 days): 

15.3.33 to 17.7.33 (125 days): 

18.7.33 to 2.5.34 (289 days): 

3.5.34 to 7.8.34 (97 days): 

8.8.34 to 4.1.a5 (150 days)^ 


anoestrous period. 

six exhibitions of oestrus. 

anoestrous period. 

six exhibitions of oestrus. 

anoestrous period. 


Uterus. —Weight, 20*5 gm. 

Left Ovary, —^Weight, 0*62 gm.; measurements, 1*5 by 1*2 by 0*7 cm. 

Only four Graafian follicles can be seen on the surfat*e of the 
ovary, the largest being 0*3 cm. However, on section eleven Graafian 
follicles can be counted; three of these are 0*3 and 0*2 cm. and the 
remainder 0*1 cm. and less m diameter. 

No corpus luteum is present, but the remnants of four previous 
corpora lutea can be distinguished. 

Bight Ovary. —Weight, 0*63 gm.; measurements, 1-2 by 1*1 by 0*9 cm. 

The Graafian follicles are very inconspicuous; three are detected, 
the largest of which is 0*3 cm.- On section the latter is found to 
contain a clear fluid. * 

No corpus luteum is present, but the remnants of three previous 
corpora lutea are seen. 


{A) Sheep No, 29328.—Date slaughtered, 7th September, 1934; age, 4 years; 
condition, poor; weight, 58*5 lb. 


Sexual History, 

24.7.32 to 21.2.33 (213 days): 
. 22.2.33 to 5.7.il3 (134 days): 

6.7.33 to 13.3.34 (251 days): 

14.3.34 to 19.5.34 (67 days): 

20.5.34 to 7.9.34 (111 days) .* 


anoestrous period.' 

nine exhibitions of oestrus. 

anoestrous period. 

three exhibitions of oestrus. 

anoestrous period. 


Uterus, —Weight, 26*5 gm. 

Left Ovary, —Weight, 0*58 gm.; measurements, 1*1 by 1*1 by 0*7 cm. 

One large Graafian follicle is seen on the lateral border of the 
ovary; it measures 0*5 cm. in diameter and 0*3 cm. above the surface 
of the ovary. Two other Graafian follicles, measuring 0*2 and 0*3 cm. 
in diameter, are seen on the Surface of the ovary. The largest 
Graafian follicle is found on section to contain a clear fluid. 

No corpus luteum is present, but remnants of two previous corpora 
lutea are seen occurring as dark specks. 
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Itight Ovary. —Weight, 0-66 gm.; measurements, 1-1 by 1*0 by 0*8 cm. 

One Graafian follicle with a diameter of 0*3 cm. is seen while 
four of 0*1 cm. are also present. 

No corpus luteum is present, but remnants of previous corpora 
lutea are seen, one occurring near the sectioned border of the ovary 
as a dark speck. 


(5) Sheep No, 29340.—^Date slaughtered, 7th September, 1934, age, 4 years; 
condition, good; weight, 80*6 lb. 


Sexual History. 

24.7.32 to 22.2.33 (214 days): 

23.2.33 to 31.5.33 (98 days): 
1.0.33 to 8.2.34 (253 days): 
9.2.34 to 22.4..34 (73 days) : 

23.4.ai to 7.9.34 (138 days): 


anoestrous period. 

six exhibitions of oe.strus. 

anoestrous period. 

two exhibitions of oestrus. 

anoestrous period. 


Uterus. —Weight, 22*5 gm. 


• Left Ovary. —Weight, 0'56 gm.; measurements, 1*3 by 1*0 by 0*8 cm. 

About ten Graafian follicles can be counted on the surface of the 
ovarj', but on section fifteen are seen. The largest follicles measure 
01 and 0*2 cm. in diameter. 

No (‘orpiis Jutcum is present. Two remnants of previous corpora 
lutea are seen. 


Ittglit Ovary. —Weight, 0-72 gm.; measurements, 1*3 by<^l*l by 0*8 cm. 

Fifteen (Iraafian follicles can readily be counted; the three largest 
are 0*3 cm. in diameter and they are closely situated to one another. 

No corpus luteum is present, but two remnants of previous corpora 
lutea can lie seen. 


(d) Sheep No. 29805.—Date slaughtered, 28tli December, 1934; age, 4 years; 
condition, good; weight, 65*0 lb. 


Sexual History. 

24.7.32 to 14.2.33 (206 days): 

15.2.33 to 8.7.33 (144 daysl: 

9.7.33 to 1.3.34 (236 days): 

2.3.34 to 10.8,34 (162 days): 

11.8.34 to 28.12.34 (140 days): 


anoestrous period. 

nine exhibitions of oestrus. 

anoestrous period. 

ten exhibitions of oestrous. 

anoestrous period. 


Uterus. —Weight, 30*5 gm. 

Jjeft Ovary. —Weight, 0*55 gm.; measurements, 1*2 by I'l by 0*8 cm. 

Eleven small Graafian follicles are seen, the largest is 0*1 cm. in 
diameter. 

No corpus luteum is present, but the remnants of two previous 
corpora lutea can be distinguished. 

Itight Ovary. —Weight, 0*65 gm.; measurements, 1*3 by 1*1 by 0*8 cm. 

Eight Graahan follicles can be counted on the surface of the 
ovary. The largest follicle is situated on the pole of the ovary, 
measures 0*6 cnt. in diameter, and is fairly prominent. On section 
this follicle is found to contain a clear fluid; its outer wall is thin, 
the inner lower surface is pinkish in colour, but the blood vessels are 
not prominent. 

No corpus luteum is present, 'but two remnants of previous corpora 
lutea are seen. 


667 



SEX PHYSIOLOGY OF SHEEP. 


(7) Sheep No, 29815.—Date slaughtered, 27th September, 1934; age, 4 years; 
condition, poor; weight, 48*0 lb. 

Sexwil History, 

24.7.32 to 7.2.33 (199 days): anoestrous period. 

8.2.33 to 27.6.33 (140 days): nine exhibitions of oestrus. 

28.6.33 to 5.3.34 (251 days): anoestrous period. 

6.3.34 to 19.6.34 (106 days): five exhibitions of oestrus. 

20.6.34 to 27.9.34 (100 days): anoestrous period. 

Uterus, —^Weight, 15*5 gm. 

he4t Ovary, —Weight, 0*51 gm.; measurements, 1*2 by 1*0 by 0*8 cm. 

Eight Graafian follicles are apparent on the surface of the ovary, 
the largest is 0*3 cm. in diameter and the remainder are 0*1 cm. 
The largest follicle is not prominent. 

No corpus luteum is present. Three dark spots are setm on the 
surface of the ovary; on secrtion these are found to be remnants of 
previous corpora lutea, being dark brown in colour and 01 cm. in 
diameter. 

Itight Ovar%, —Weight, 0*38 gm.; measurements, 1*2 by 0*8 by 0*6 cm. 

Seven small Graafian follicles, measuring 0*1 cm. and less, are 
apparent. 

Ko corpus luteum is present. One dark brown remnant of a 
corpus luteum is seen; on section it is found to measure 0*05 cm. 


(8) Sheep No. 32476.—Date slaughtered, 22nd! September, 1934; age, 3i years; 
condition, fair; weight, 60*0 lb. 

Sexual History. 

24.7.32 to 2.3.33 (222 days): anoestrous period. 

3.3.33 to 15.7.33 (135 days): fixe exhibitions of oestrus. 

16.7.33 to 5.6.34 (325 days): anoestrous period. 

6.6.34 to 26.6.34 (21 days): two exhibitions of oestrus. 

27.6.34 to 22.9.34 (88 days): anoestrous period. 

Uterus. —Weight, 21*5 gm. 

Left Ovary. —Weight, 0*54 gm,; ^measurements, 1*4 by 1*0 by 0*7 cm. 

Graafian follicles are not very apparent on the surl'ace of the 
ovary, but on section eleven are counted; these are all 0 1 cm. and 
less in diameter. 

No corpus luteum is present. The remnants of two previous 
corpora lutea are seen on the surface of the ovary. 

Itight Ovary. —Weight, 0*40 gm.; measurements, 1*3 by 0*8 liy 0*6 cm. 

Only three Graafian follicles are seen after sec'tion of the ovary 
when it is held up to the light. The largest 1‘ollicle is 0*3 cm. in 
diameter. 

No corpus luteum is present, but one brown speck, the remnant 
of a previous corpus luteum, is seen near the sectioned margin of 
the ovary. 


(9) Sheep No. 32491,—Date slaughtered, 4th January, 1935; age, 3} years; 
condition, fair; weight, 64*5 Ib. 

Sexual History, 

24.7.32 to 15.3.33 (235 days): anoestrous period. 

16.3.33 to 12.5.33 (58 days): two exhibitions of oestrus. 

13.5.33 to 5.5.34 (*^8 days): anoestrous period. 

6.5.34 to 3.8.34 (90 days): three exhibitions of oestrus. 

4.8.34 to 4.1.35 (154 days): anoestrous period. 

Uterus. —^Weight, 21*0 gm. 



LUCIEN L. HOUX. 


Left Ovary, —Weight, 0*50 gm.; measurements, 1*4 by 0-9 by 0*7 cm. 

A large Graafian follicle with a thin outer wall is seen on the 
pole of the ovary; it measures 0*5 cm. in diameter, and when sec¬ 
tioned it is found to contain a clear fluid. A total of four follicles is 
seen. ^ 

No corpus luteum is present. Four remnants of previous corpora 
lutea are seen; on section two of these are found to be dark brown 
specks measuring ()*()6 cm. and their margins are irregular. 

Bight Ovary. —Weight, 0*4G gm.; measurements, 1*3 by (b95 by 0-75 cm. 

Two Graafian follicles, 0*5 cm. in diameter, are situated in close 
proximity on one pole of the ovary. On section both these follicles 
are found to contain a clear fluid. A total of three follicles is seen. 

No corpus luteum is present, but the remnants of three previous 
corpora lutea are present. 


Group II. 

Observations commen<ied 24th July, 1932. 

Kntioii per capita per diem.—Maize, 4 oz.; teff hay, 2-5 lb.; lick ad Ub 
(salt). 

[M)) Sheep Nn. Moo08.— Date slauhtered, 1st November, 1934; age, 4 years; 
condition, good; weight, 67 0 lb. 

Sexual llintanj. 

24.7.32 to 16.2.33 (208 days): anoestrous period. 

17.2.33 to 10.7.33 044 days): seven exhibitions of oestrus. 

11.7.33 to 21.2.34 (226 days): anoestrous period. 

22.2.>14 to 1,8.34 (161 days): ten exhibitions of oestrus. 

2.8.34 to 1.11.34 (92 days): anoestrous period. 

UteruH. —Weight, 2o*5 gm. 

Jjeff Owir//.-'Weight, 0*78 gm.; measurements, 1-4 by 1-3 by 0*8 cm. 

The externa] app(»arance of the ovary is irregular due to the 
presence of twelve Graafian follicles w^hich are situated near the 
surface ot the ovary and which are being pressed out to some extent 
by a corpus luteum situated adjacent to the largest follicle which 
has a diameter of 0-5 cm. On section the large follicle is found to 
contain a clear fluid and to have a thin outer wall. 

The corpus luteum present projects only slightly above the surface 
ot the ovary. On section it is found to be almost circular in form, 
its diameter being 0*5 cm. The substance of the corpus luteum is 
light yellow in colour and it has a depression measuring 0*2 i*in, in 
its centre. This is undoubtedly a corpus luteum 1 at the end of the 
iiiteroe.strous period, so that it is apparent that ovulation occurred 
without the exhibition of oestrii.s as oestrus was last observed on 2nd 
August. 1934. 

Bight Ovary. —Weight, 0*66 gm.; measurements, 1*4 by 11 by 0-6 cm. 

Twelve small Graafian follicles cun be counted, the largest of 
w^hich is 0*2 cm. 

No corpus luteum is present, but two remnants of previous 
corpora lutea are seen occurring as dark specks. 

(11) Sheep No. 35509.—Date slaughtered, 12th October, 1934; agcj, 4 years; 
condition, good; w^eight, 74-0 lb. 

Sexual History, 

24.7.32 to 13.1.33 (174 days): anoestrous period. 

14.1.33 to 20.6.33 (168 days): nine exhibitions of oestrus. 

21.6.33 to 17.1.34 (211 days): anoestrous period. 

18.1.34 to 9,7.34 (174 days); eight exhibitions of oestrus. 

10.7.34 to 12.10.34 (95 days): anoestrous period. 

Uterus. —Weight, 38*5 gm. 
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Left Ovary. —^Weight, 0*68 gm.; measurements, 1*2 by 1-2 by 0*8 cm. 

Five Graafian follicles are apparent; the two largest measure 0-2 
cm. One of the latter on section contains a clear fluid. 

No corpus luteum is present. Five small yellowish specks repre¬ 
senting the remains of previous corpora lutea are seen. 

liight Ovary. —^Weight, 0-61 gm.; measurements, 1-2 by 1-0 by 0’7 cm. 

A Graafian follicle measuring 0*3 cm. is present on the lateral 
border of the ovary; it is fairly prominent and it gives the ovary an 
irregular shape. A few other follicles are seen on the surface of the 
ovary. On section the large follicle is found to contain a clear fluid 
and the outer wall is thin. 

No corpus luteum is present, but four remnants of previous 
corpora lutea are seen and on section one is found to measure 0-1 cm. 


(12) Sheep No. 29274.—Date slaughtered, 12th October, 1934; age, 4 years; 
condition, good; weight, 67*0 lb. 


Sexual History. 

24.7.32 to 15.8.32 (23 days): 

16.8.32 to 3.2.33 (172 days): 

4.2.33 to 29.8.33 (207 days): 

30.8.33 to 15.4.34 (229 days) : 

16.4.34 to 10.7-34 (86 days): 

11.7.34 to 12.10.34 (94 days); 


one exhibition of oestrus. 

anoestrous period. 

twelve exhibitions of oestrus. 

anoestrous period. 

three exhibitions of oestrus. 

anoestrous period. 


Uterus. —Weight, 24*0 gm. 

Left Ovary. —Weight, 0*49 gm.; measurements, 1*2 by 10 by 0*7. cm. 

Seven Graaflan follicles arc seen in the ovary and most of these 
are apparent on the surface. All the follicles are small, none exceed¬ 
ing 0*1 cm. in diameter. 

No corpus luteum is present. The remnants of five previous 
corpora lutea are seen occurring as dark specks on the surface of the 
ovary. On section the largest of these is seen to be dark brown in 
colour and it extends 0*15 cm. into the substance of the ovary. 


Bight Ovary. —Weight, 0*63 gm.; measurements, 1*4 by 1*0 by 0*8 cm. 

One large Graafian folflcle 0*6 cm. in diameter is seen; it is 
situated on the one pole of the ovary and projects 0*3 cm. above the 
surface of the ovary. On section this follicle is found to contain a 
clear fluid and its outer wall is thin. 

No corpus luteum is present. Eleven remnants of previous cor¬ 
pora lutea can be counted on the surface of the ovary and on section 
some of these are found to be only 0*05 cm. 


Sheep No. 29279.—Date slaughtered, 15th August, 1934; age, 4 years; 
condition, fair; weight, 63*0 lb. 

Sexual History. 

24.7.32 to 6.3.33 (226 days): anoestrous period. 

7.3.33 to 14.5.33 (69 days); five exhibitions of oestrus. 

15.5.33 to 15.8,34 (458 days): anoestrous period. 

No exhibition of oestrus was observed during the sexual season 
February to August, 1934, 

Left Ovary.^Weight, 0*39 gm.; measurements, 0*9 by 0*8 by 0-6 cm. 

Six Graafian follicles can be counted, the largest of which is 0*2 
cm. in diameter. Two of the follicles when sectioned contain a 
clear fluid. 

No corpus luteum is present, but one remnant of a previous 
corpus luteum is seen. 
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Eight Ovary. —Weight, 0*42 gni.; measurements, 1*0 by 0*9 by 0*6 cm. 

Numerous Granhan follides are present in the ovary, the largest 
of which is 0-4 cm. The latter has been sectioned and is found to 
contain a clear fluid. There are at least four follicles about half the 
size of the largest follicle; the former are situated near the surface of 
the ovary. 

No corpus luteum is present and no remnants of corpora lutea 
are seen. 

(14) Sheep Mo. 29335.—Date slaughtered, 2l8t De(‘ember, 1934; age, 4 years; 
condition, poor; weight, 44*0 lb. 

Sexual History. 

24.7.32 to 3.3.33 (223 days): anoestrous period. 

4.3.33 to 19.7.33 (137 days): eight exhibitions of oestrus. 

20.7.33 to 26.6.34 (342 days): anoestrous period. 

27.6.34 to 31.7.34 (35 days): three exhibitions of oestrus. 

1.8.34 to 21.12.34 (143 days): anoestrous period. 

Uterus. —Weight, 15*5 gm. 

Left Omry. —Weight, 0-59 gm.; measurements, 1*4 by 1*0 by 0*8 cm. 

Only three Graafian follicles of 0*2 cm. are seen in the ovary. 

No corpus luteum is present, but two remnants of previous 
corpora lutea are seen. 

Eight Gvari/.—Weight, 0*74 gm.; measurements, 1*3 by 1*2 by 0*86 cm. 

Several Graafian follicles can be seen on thc» surface of the ovary 
and on section eight follicles can be counted, tli^' largest being 0*4 
cm. 

No corpus luteum is present, but five remnants of previous 
corpora lutea can be distinguished. 


(15) Sheep Mo. 29341.—Date slaughtered, 28th December, 1934; age, 4 years; 
i'ondition, fair; weight, 67 0 lb. 

Sexual History. 

24.7.32 to 4.3.3il (224 davs): anoestrous period. 

5.3.33 to 6.7.33 (124 days): five exhibitions of oestrus. 

7.7.33 to 9.2.34 (218 days) : anoestrous period. 

10.2.34 to 17.7,34 (158 days): two exhibitions of oestrus. 

18.7.34 to 28.12.34 (104 days): anoestrous period. 

Uteru.s. —Weight, 40*0 gm. 

Left Orary. —Weight, 0*71 gm.; measurements, 1*4 by 1*3 by 0*8 cm. 

Nine Graafian follicles can be counted, the largest of which is 
0*2 cm. 

The section through the ovary was made from the attached to 
the free border in order to section a corpus luteum which is situated 
near the attached border. The corpus luteum appears on the surface 
of the ovary as a pale prominence of ()*()5 cm. above the surface and 
it measures 0*2 era. across its top. On section the corpus luteum is 
found to measure 0*5 by 0*4 cm. The cut surface is a pale cream 
colour and there is a slightly darker line in the centre of the body. 
This is apparently a corpus luteum I. Four remnants of previous 
corpora lutea are seen. 

Right Ovary.-—Weight, 0*66 gm,; measurements, 1*3 by 1*1 by 0*8 cm. 

The surface of the ovary is somew^hat irregular; on sei'tion this is 
found to be due to the presence of a large number of Graafian follicles, 
fifteen are counted, which are all situated near the surface of the 
ovary. However, all the follicles are small, the largest being 
0*15 cin. 

No corpus luteum is present, but the remnants of seven previous 
corpora lutea can be distinguished. 
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(16) Sheep No, 29793.—Date of slaughter, 28th December, 1934; age, 4 years; 
condition, fair; weight, 66*5 lb. 

Sexual History, 

34.7.32 to 5.3.33 (225 days): anoestrous period. 

6.3.33 to 10.8.33 (158 days): ten exhibitions of oestrus. 

11.8.33 to 10.3.34 (212 days): anoestrous period. 

11.3.34 to 26.7.34 (138 days): seven exhibitions of oestrus. 

27.7.34 to 28.12.34 (155): anoestrous period. 

Uterus, —Weight, 36*5 gm. 

Left Ovary, —Weight, 1*40 gm.; measurements, 1*5 by 1*2 by 1*6 cm. 

The abnormal shape of the ovary is due to the presence of a 
large Graafian follicle and a corpus luteum which arc situated on 
either side of the attached border of the ovary. 

Seven Graahan follicles are counted, the largest of which is 0*5 
cm.; it is being pushed out by the corpus luteum. The largest 
follicle oil section is found to contain a clear kiiid. 

The corpus luteum has a very small projecting head, hut it 
measures 0*2 cm. across the top. The head is somewhat lighter than 
the surrounding body, which is pinkish and on which small blood 
vessels can be seen. On section the corpus luteum is found to 
measure 1*2 by 1*0 cm.: it is pear-shaped. The cut surl‘a(*e is flesh- 
coloured and very slightly pink. A cavity, 0*5 by 0*4 cm., is present 
in the centre of* the Inidy and the cavity contains a fluid. This is 
apparently a corpus luteum I. 

liight Ovary, —Weight, 0*58 gm.; measurements, 1*3 by 1*05 l)y 0*7 cm. 

Ten Graafian follicles, all measuring 0*1 cm. and less, are present 
in the ovary. 

No corpus luteum is present, four remnants of previous corpora 
lutea are seen as dark specks. 


{VJ) Sheep No, 29827.—Date slaughtered, 28th December, 1934; age, 4 years; 
conditon, good; weight, 73*0 lb. 

Sexual History. 

24.7.32 to 17.2.33 (209 days): anoestrous period. 

18.2.33 to 20.8.33 (184 days): ten exhibitions of oestrus. 

21.8.33 to 3.4.34 (226 days): anoestrous iieriod. 

4.4.34 to 12.8.34 (131 days); six exhibitions of oestrus. 

13.8.34 to 28.12.34 (138 days): anoestrous period. 

Uterus, —^Weight, 24*6 *gm. 

Left Ovary. —Weight, 0*64 gm.; measurement, 1*2 by 1*2 by 0*7 cm. 

Ten Graaflan follicles can be counted; the largest is 0*2 cm. 

The ovary appears to bulge on the side of the free border, but no 
projection is present. However, on section^ a corpus luteum, measuring 
0*4 by 0*4 cm., is found. The body is light yellow in colour and its 
margins are not well defined. This is api>arent)y a corpus luteum I in 
the latter part of the interovulation period. 

Bight Ovary, —^Weight, 0*63 gm.; measurements, 1*1 by 1*1 by 0*8 cm. 

On section of the ovary, fourteen Graafian follicles can be counted, 
the largest being 0*4 cm. 

No corpus luteum is present, but two remnants of previous 
corpora lutea are seen. 


672 



LUCIEN L, ROUX. 


(18) Sheep No. 32480.-~Date slaughtered, 21st December, 1934; age, 3i years; 
condition, fair; weight, 61 0 lb, 

Sextuil. History. 

24.7.32 to 7.3.33 (227 days): anoestrous period. 

8.3.33 to 25.3.33 (18 days): two exhibitions of oestrous. 

26.3.33 to 18.5.34 (419 days): anoestrous period. 

19>5.34 to 28.7.34 (71 days): three exhibitions of oestrus. 

29.7.34 to 21.12.34 (146 days): anoestrous period. 

Weight, 27*5 gm. 

Left Ovary. —Weight, 0-6 gm.; measurements, 1*1 by ()-9 by 0-75 cm. 

Eleven Graafian follicles can be counted when the sectioned ovary 
is held up to the light, although only seven follicles are apparent on 
the surface of the ovary. The largest follicle on section is found to 
contain a clear fluid. 

A slight prominence is seen on the surface of the ovary near the 
sectioned border. A section made through the prominence reveals it to 
be a corpus luteum, measuring 0*2 by 0*2 cm. The body is very pale, 
almost white in colour; it is probably a corpus luteum at the end of 
the intorovulation period or a corpus luteum of the previous inter¬ 
ovulation period. 

Bight Ovary. —Weight, l)-48 gm.; measurements, 1-2 by 0*9 by 0*7 cm. 

Eight Graafian follicles can be counted, the largest of which is 
0*5 cm. in diamter. The latter, on .section^ contain^ a clear fluid. 

No corpus luteum is present, but the remnants of six previous 
corpora hi tea are seen occurring as dark specks. 


iW) Sheep No. 32493.—Date slaughtered, 21st December, 1934; age, 3J years; 
condition, good; weight, 74*0 lb. 

Sexual History. 

24.7.32 to 28.3.33 (248 days): anoestrous period. 

29.3.3;l (1 day): one exhibition of oestrus. 
ifO.3.33 to 6.5.34 (403 days): anoestrous period. 

7.5.34 to 15.8.34 (101 days): five exhibitions of oestrus. 

16.8.34 to 21.12.34 (128 days): anoestrous jieriod. 

Uterus. —Weight, 21 0 gm. 

Left Ovary. —Weight, 0*54 gm.; measurements, 1*0 by 1*2 by 0*7 cm. 

Two Graafian follicles, the larger of which is 0*5 cm., are situated 
on the free border of the ovary, giving it an abnormal shape. On 
section, the larger follicle is found to eoutuin a clear fluid. The other 
follicle is found to be 0*3 cm. in diameter. 

No corpus luteum is present, but the remnants of nine previous 
corpora lutea are distinguished. 

Bight Ovary. —^Weight, 0*46 gm.; measurements, 1-2 by 1*0 by 0*65 cm. 

Five very small Graafian follicles can be counted; they vary from 
01 cm. and less in diameter. 

No corpus luteum is present, hut the remnants of four previous 
corpora lutea occur as dark specks. 
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Group III. 

Observations commenced, 24th July, 1932. 

Ration per capital per diem.—Maize, 2*7 oz.; cotton-seed meal, 1*3 oz.; 
teff hay, 2*5 lb.; lick, ad lib, (salt). 

(20) Sheep No, 35499.—Date slaiightered, 7th September, 1934; age, 4 years; 
condition, fair; weight, 68*5 lb. 

Sexual History, 

24.7.32 to 7.2.33 (199 days): anoestrous period. 

8.2.33 to 16.4.33 (68 days): three exhibitions of oestrus. 

17.4.33 to 10.5.34 (389 days): anoestrous period. 

11.5.34 (1 day): one exhibition of oestrus. 

12.5.34 to 7.9.34 (119 days): anoestrous period. 

Uterus, —Weight, 20*5 gm. 

Left Ovary, —^Weight, 0*89 gm.; measurements, 1*6 by 1*1 by 0*9 cm. 

Six Graafian follicles can be counted; four are 0*2 cm, and the 
remainder 0*1 cm. in diameter. 

No corpus luteum is present, but one remnant of a previous corpus 
luteum is seen. 

Biohi Ovary, —Weight, 0*88 gm.; measurements, 1*5 by 1*1 by 0*7 cm. 
Four Graafian follicles, 0*1 to 0*2 cm., are present in the ovary. 
No corpus luteum is present, but a few remnants of previous 
corpora lutea are seen. 


(21) Sheep No, 35498.—Date slaughtered, 23rd August, 1934; age, 4 years; 
condition, fair; weight, 57*0 lb. 

Sexual History. 

24.7.32 to 22.4.33 (273 days): anoestrous period. 

23. 4,33 to 14.7.33 (83 days}: three exhibitions of oestrus. 

15.7.^ to 23.8.34 (405 days): anoestrous period. 

No exhibition of oestrus was observed during the sexual season, 
February to August, 1934, 

Uterus, —Weight, 18*5 gm. 

Left Ovary, —Weight, 0*61 gm.; measurements, 1*2 by 1*1 by 0*1 cm. 

A very large number of Graafian follicles of varying sizes are 
present in the otairy; a total of ten is counted. The ovary has an 
irregular shape and although the follicles are prominent, the largest 
follicle is only 0*3 cm. in diameter. Several follicles are 0*1 to 
0*2 cm. 

In close proximity to the largest follicle is a corpus luteum which 
when sectioned measures 0*2 cm, in diameter. It is a light yellow 
colour. It is apparently a corpus luteum I at the end of an inter- 
ovulation period, or the (*orpus luteum of the previous interovulation 
period. 

Bight Ovary. —Weight, 0*42 gm.; measurements, 1*0 by 0*9 by 0*6 cm. 

Two Graafian follicles can be seen on the surface of the ovary, 
but on section, four smaller follicles can be seen. The largest follicle 
is 0*2 cm. 

A corpus luteum is not present, but R few dark specks indicate 
the remnants of previous corpora lutea. 
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(22) Sheep No, 29258.—Date slaughtered, Ist November, 1934; age, 4 years; 
condition, good; weight, 89 0 lb. 

Sexual History, 

24.7.32 to 2.3.33 (222 days): anoestrous period. 

3.3.33 to 8.7.33 (128 days): six exhibitions of oestrus. 

9.7.33 to 15.3.34 (250 da5’s): aiKXJstrous period. 

16.3.34 to 19.7.34 (126 days): five exhibitions of oestrus. 

20.7.34 to 1.11.34 (105 days): anoestrous period. 

Uterus. —Weight, 23*5 gm. 

Left Ovary. —Weight, 0-72 gm.; measurements, 1-4 by 1*2 by 0-7 cm. 

Seven small Graafian follicles are counted; the largest measures 
015 cm. 

No corpus luteum is present, but a few remnants of previous 
corpora lutea are seen. 

Eight Ovary. —Weight, 0-80 gm.; measurements, 1-4 by 1*2 by 1*0 cm. 

The surface of the ovary is irregular, due to the presence of 
numerous Graafian follicles, two of which are 0*5 cm. On section, 
the latter follicles are found to contain a clear fluid. 

No corpus luteum is present. 


(2k^) Sheep No. 29265.—Date .slaughtered, 1st November, 1934; age, 4 years; 
condition, fair; weight, 63 0 lb. 

Sexual H isfory. 

24.7.32 to 20,2.33 (212 days): anoestrous period. 

21.2.33 to 7.6.33 (107 days): four exhibitions of oestrous. 

8.6.33 to 12.3.34 (278 days): aii<>estrous period. 

13.3.34 to 28.6.34 (108 daj’s): five exhibitions of oestrus. 

29.6.34 to 12.10.34 (106 days): anoestrous period. 

Uterus, —Weight, 27-5 gm. 

Ijeft Grory.—Weight, 0*67 gm.; measurements, 1*2 by 11 by 0*7 cm. 

Four Graafian follicles situated on the lateral border of the ovary 
give it an irregular shape. It is found, on section, that the largest 
follicles measure 0-5 and 0*3 cm. and that the more superficial follicles 
were being pressed out by several more deeply situated follicles. 

No corpus luteum is ])resent, but two remnants occurring as dark 
specks are seen. 

Eight Ovary. —Weight, 0-57 gm.; measurements, 1-2 by 0-9 by 0-8 cm. 

Three Graafian follicles, the largest of which is 0*2 cm., are seen 
on the surface. On section, a few more smaller follicles are revealed. 

No corpus luteum is present. Six remnants of previous corpora 
are counted and these are found to be 0*05 cm. 


(24) Sheep No. 29273.—Date slaughtered, 14th September, 1934; age, 4 years; 
condition, poor; weight, 65 0 lb. 

Sexual History. 

24.7.32 to 13.2.33 (205 days): anoestrous period. 

14.2.33 to 26.7.33 (163 days): nine exhibitions of oestrus. 

27.7.33 to 10.5.34 (288 days): anoestrous period. 

11.5.34 to 27.5.34 (17 days): two exhibitions of oestrus. 

28.5.34 to 14.9.34 (110 days): anoestrous period. 

Uterus. —Weight, 22-5 gm. 
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Left Ovary, —Weight, 0*68 gm.; measurements, 1*3 by 1*1 by 0*9 cm. 

The presence of large Graafian follicles and a large number of 
follicles gives the ovary an irregular shape. The largest follicle is 
0*6 cm. in diameter and it projects 0*2 cm. above the surface of the 
ovary. The next largest follicle is 0*4 cm. In addition, at least four 
follicles of 0*1 cm. can be distinguished on the surface of the ovary. 
On section, several more follicles become apparent. The largest 
follicle, on section, is found to contain a clear fluid. 

No corpus luteum is present, but two remnants of previous cor¬ 
pora lutea are seen occurring as dark specks. 

Bight Ova/ry. —Weight, 0*55 gm.; measurements. 1*2 by 1*1 by 0*8 cm. 

The largest Graafian follicle seen is 0*2 cm. and several of 0*1 
cm. are present; a total of six follicles can be counted. 

No corpus luteum is present, but a few remnants of previous 
corpora lutea are seen. 


(25) Sheep No, 29283.—Date slaughtered, 7.9.34; age, 4 years; condition, 

good; weight, 73*0 lb. 

Sexual History, 

24.7.32 to 16.3.33 (236 days): anoestrous period. 

17.3.33 to 15.6.33 (91 days): five exhibitions of oestrus. 

16 . 6.33 to 29.3.34 (287 days): anoestrous period. 

30 . 8.34 (1 day): one exhibition of oestrus. 

31.3.34 to 7.9.34 (161 days): anoestrous period. 

Uterus. —^Weight, 19*6 gm. 

Left Ovary. —Weight, 0*45 gm.; measurements, 1*2 by 1*1 by 0*7 cm. 

Five Graafian follicles are apparent on the surface of the ovary. 
The largest follicle present in the ovary is 0*4 cm., the remainder are 
0*1 to 0*2 cm. in diameter. The largest follicle has been sectioned 
and it contains a clear fluid. 

No corpus luteum is present, but a few remnants of previous 
corpora lutea are seen. 

Bight Ovary, —Weight, 0*52 gm.; measurements, 1*2 by 1*1 by 0*8 cm. 

The ovary has an irregular appearance due to the prominence of 
three Graafian' follicles. The largest follicle is 0*4 cm. and another 
is 0*3 cm. in diameter; they project 0*2 cm. above the surface of 
the ovary. Four smaller follicles are seen. The largest follicle has 
been sectioned; it contains a clear fluid, its outer wall is thin and 
small blood-vessels can be seen in the cavity. 

A corpus luteum, measuring 0*2 by 0*4 cm., is present in the 
ovary and it has probably caused the follicles to project by pushing 
them out. The corpus luteum is not ax)p^arent on the surface of the 
ovary, but it is readily seen on sec'tion. it has a light outer margin; 
the centre is a deeper yellow* and a slight depression occurs in the 
centre of the body. Some dark specks, the remnants of previous 
corpura lutea, are present. 

(26) Sheep No. 29334.—Date slaughtered, 22nd September, 1934; Age, 4 years; 

condition, fair; weight, 58*0 lb. 

Sexual History. 

24.7.32 to 19.3.33 (239 days): anoestrous period. 

20.3.33 to 27.5.33 (69 days): four exhibitions of oestrus. 

28.5.83 to 9.4.34 (317 days): anoestrous period. 

10.4.34 to 19.6.34 (71 days); four exhibitions of oestrus. 

20.6.34 to 22.9.34 (95 days): anoestrous period. 

ZTterus. —Weight, 18*5 gm. 
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Left Ovary. —Weight, 0*62 gm.; measurements, 1-2 by 1*0 by 0*8 cm. 

Seven Graafian follicles can be counted on the usrface of the ovary. 
The two largest follicles are 0*5 and 0*3 cm. in diameter; the latter 
was pressed out by the former to 0*1 cm. a^ve the surface of the 
ovary. 

No corpus luteum is present. On section a few brown specks with 
indefinite margins are seen; these are remnants of previous corpora 
lutea. 

Itight Ovary. —Weight, 0*38 gm; measurements, 1*1 by 0*9 by 0-8 cm. 

No Graafian follicles are apparent on the surface of the ovary. 
However, on section seven follicles can be counted, the largest being 
0*2 cm. The latter was sectioned and it contains a clear fluid. 

No corpus luteum is present. ()ne brown spot is seen on the 
surface of the ovary. On section it is found to be 0*1 cm.; it is 
obviously a remnant of a previous corporus luteum. 


(27) Sheep No. 32482.—Date slaughtered, 1st November, 1934; age, 3i years; 
condition, fair; weight, 65*0 lb. 

Sexual History. 

24.7.32 to 14.3.33 (234 days): anoestrous period, 

15.3.33 (1 day): one exhibition of oestrus. 

16.3.33 to 1.6.34 (443 days): anoeostrous period. 

2.6.^14 to 9.7,34 (38 days): two exhibitions of oestrus. 

10.7.34 to 1.11.34 (115 days): anoestrous period. 

Uterus. —Weight, 18*5 gm. 

Left Ovary. —W'eight, 0*63 gm.; mensiirenients, 1*5 by 1*0 by 0*7 cm. 

Eight Graafian follicles of diameters 0*1 to 0*2 cm, are counted 
on the surface of the ovary and on section two larger follicles of 
0*3 cm. are seen. 

No corpus luteum is present, but five remnants of previous 
corpora lutea are seen occurring as dark brown specks of 0*1 cm. 

Itight Ovary. —W\Mght, 0-48 gm.; measurements, 1*4 by 0-9 by 0*6 cm. 

The Graafian follicles in the ovary are inconspicuous; on section 
four small follicles measuring 0*1 cm. are seen. 

No corpus luteum is present, but three remnants of previous 
corpora lutea are seen and on secti<m these are found to be brow’uish 
w’ith indefinite margins and 0*1 cm. in diameter. 


(29) Sheep No. 32495.—Date slaughtered, 27th October, 1934; age, 31 years; 
condition, good; weight, 88*0 Jb. 

Sexual History. 

24.7.32 to 12.3.33 (232 days): anoestrous period. 

13.3.33 to 3.5.33 (52 days): three exhibitions of ooestrus. 

4.5.33 to 11.4.34 (343 days): anoestrous period. 

12.4.34 to 31,8.34 (142 days): six exhibitions of oestrus. 

1.9.34 to 27.10.34 (57 days): anoestrous period. 

Uterus. —Weight, 20-5 gm. 

Left Ovary, —Weight, 0*48 gm.; measurements, 1*4 by 1*0 by 0*6 cm. 

A large Graafian follicle 0*5 cm. in diameter is present on the one 
pole of the ovary, but the follicle is not prominent. It has been 
sectioned and it contains a clear fluid. Two small follicles are apparent 
in the substance of the ovary when the latter is held up to the light. 

No corpus luteum is present, but two remnants of previous corpora 
lutea can be distinguished on the surface of the ovary. 
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Bight Ovary. —Weight, 0*68 gm.; measurements, 1*4 by 1-1 by 0-7 cm. 

Two Graafian follicles each 0*3 cm. in diameter can be seen; both 
have been sectioned and they contain a clear fluid. 

No corpus luteiim is present. Seven dark specks, the remnants of 
previous corpora lutea are seen; they vary in colour from yellow to 
dark brown, and the largest, which is dark brown, is 0*05 cm. in 
diameter. 


Gboup IV. 

Observations commenced 2f4th July, 1932. 

Ration per capita per diem.—(a) 24th July, 1932, to 1st March, 1933: 
Maize, 4 oz.;; teff hay, 2*5 lb.; Lick, ad lib. (2 parts bone meal, 1 part 
salt), ib) 2 nd March, 1933 to termination: Teff hay, 3*0 lb.; Lick, 
ad lib (2 parts bone meal, 1 part salt. 

(2d) Sheep No. 29261 .—Date slaughtered, 30th August, 1934; age, 4 years; 
condition, poor; weight, 52*0 lb. 

Sexual Histonj. 

24.7.32 to 23.2.33 (215 days): anoestrous period. 

24.2.33 to 28.8.33 (186 days): twelve exhil>itions of oestrus. 

29.8.33 to 31il2.33 (125 days): anoestrous period. 

1.1.34 to 7.2.34 (38 days): two exhibitions of oestrus. 

8.2.34 to 30.8.34 (204 days): anoestrous period. 

Uterus. —Weight, 19*5 gm. 

Left Ovary. —Weight, 0*56 gm,; measurements, 1*2 by 1*1 by 0*7 cm. 

Eight Graafian follicles can be counted in the ovary, the largest 
is 0*3 cm. in diameter; six of the follicles can be seen on the surface 
of the ovary. 

No corpus luteum is present. The remnant of a corpus luteum 
measuring 0*1 cm. is seen. 

Bight Ovni'y. —Weight, 0*53 gm.; measurements, 1 3 by 0*9 by 0*7 cm. 

Several Graafian follicles can be seen on the surface of the ovary, 
the largest is 0*3 cm. and* there are many of 0*2 and 0*1 cm. None of 
the follicles are prominent. *The large follicle on section is found to 
contain a clear fluid. 

No corpus luteum is present and only one remnant of a previous 
corpus luteum can be^ found. 

(BO) Sheep No. 29268.—Date slaughtered, 4th October, 1934; age, 4 years; 
condition, fair; weight, 64*0 lb. 

Sexual History, 

24.7.32 to 19.1.33 (l80 days): anoestrous period. 

20.1.33 to 24.7.33 (186 days): ten exhibitions of oestrus. 

25.7.33 to 4.4.34 (254 days): anoestrous period. 

5.4.34 to 30 7.34 (117 days): five exhibitions of oestrus. 

31.7.34 to 4.10.34 (66 days): anoestrous period. 

Uterus. —Weight, 21*5 gm. 

Left Ovary. —Weight, 0*67 gm.; measurements, 1*5 by 1*1 by 0*8 cm. 

Ten Graafian follicles can be counted on the surface of the ovary, 
the largest being 0*3 cm. in diameter while the remainder are 0*2 and 
0*1 cm. On section another follicle measuring 0*3 cm. is seen. Some 
of the follicles including one of the largest nave been sectioned and 
they contain a clear fluid. 

No corpus luteum is present, but the section of the ovary reveals 
a brownish spot 0*1 cm. just superior to a follicle; this is a remnant 
of a previous corpus luteum. 
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liight Ovary, —Weight, 0*50 gm.; measurements^ 1*3 by 1-1 by 0*7 cm. 

Seven small Graafian follicles each not exceeding 0-1 cm, are 
seen. 

No corpus luteiim is present, but one remnant of a previous corpus 
luteum has been cut through. 


(31) No, 29298.—Date slaughtered, 4th October, 1934; age, 4 years; 

condition, fair; weight, 69 0 lb. 

Sexual History, 

24.7.32 to 30.1.33 (191 days): anoestrous period. 

31.1.33 to 27.5.33 (117 days): six exhibition of oestrus. 

28.5.33 to 5.5.34 (343 days): anoestrous period. 

6.5.34 to 26.6.34 (52 days): four exhibitions of oestrus. 

27.6.34 to 4,10.34 (1(X) days): anoestrous period. 

Uterus, —Weight, 23-5 gm. 

Left Ovary, —Weight, 0-44 gm.; measurements, 1*3 by 1*0 by 0*7 cm. 

Eight Graafian follicles can be counted, the largest being 0*2 cm. 
in diameter. 

No corpus luteum is present. One small speck 0*05 cm., a 
remnant of a previous corpus luteum, is seen on the sectioned margin 
of the ovary. 

Bight Ovary. —Weight, 0*72 gm.; measurements, 1-5 by 1-1 by 0-8 cm. 

Ten Graafian follicles can be counted, the largest being 0-2 cm. 
in diameter. ^ 

No corpus luteum is present, but the remnants of three previous 
corpora lutea are seen. One dull dark brown spot is found to extend 
0‘2 cm, into the substance of the ovary. 


(32) iSVicep A'o. 29306.—Date slaughtered, 4th October, 1934; age, 4 years; 
condition, fair; weight, ^-5 lb. 

Sexual History, 

26.7.32 to 13.8.32 (19 days): two exhibitions of oestrus. 

14.8.32 to 6.2.33 (177 days): anoestrous period. 

7.2.33 to 28.8.33 (203 days): ten exhibitions of oestrus. 

29.8.33 to 24 5.34 (269 days): anoestrous period. 

25.5.34 to 1.7.34 (38 days): three exhibitions of oestrus. 

2.7.34 to 4.10.34 (95 days): anoestrous period. 

Uterus. —Weight, 19-5 gm. 

Left Oro///.—Weight, 0-60 gm.; measurements, 1-3 by 1-2 by 0-8 cm. 

Six Graafian follicles can be seen, the largest of which is 0*2 cm. 
in diameter. 

No corpus luteum is present. Five dark spots are apparent on the 
surface of the ovary; these are the remnants of previous corpora 
lutea. Three of these bodies have been sectioined; they are 0*05 to 
01 cm.; while two are of a lightish brown colour, one is somewhat 
darker. 

Bight Ovary, —Weight, 0*75 gm.; measurements, 1-5 by 11 by 0*8 cm. 

Nine Qraafian fellieles can be counted, the largest being 0*2 cm. 
in diameter. The follicles cut through contain a clear fluid. 

No corpus luteum is present. Four remnants of previous corpora 
lutea can be seen on the surface of the ovary; one has been sectioned; 
it is dark brown in colour and measures 0*1 cm. 
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(33) Sheep No. 29309.—Date slaughtered, 27tli Septemher, 1934; age, 4 years; 
condition, fair; weight, 62*5 lb. 

Sexual History^ 

29.7.32 to 4.9.32 (38 days): three exhibitions of oestrus. 

5.9.32 to 11.1.33 (129 days): anoestrous period. 

12.5.32 to 28 7.33 (198 days): twelve exhibitions of oestrus. 

29.7.33 to 27.4.34 (273 days): anoestrous period. 

28.4.34 to 20.6.34 (54 days): four exhibitions of oestrus. 

21.6.34 to 27.9.34 (99 days): anoestrous period. 

Uierus, —Weight, 15-6 gm. 

Left Ovary, —Weight, 0-62 gm.; measurements, 1*5 by 1*0 by 0*8 cm. 

Ten small Graafian follicles can be counted; o iily one follicle is 
0*2 cm., the remainder 0*1 cm. and less in diameter. 

No corpus luteum is present, and no remnants of previous corpora 
lutea can be seen. 

Bight Ovary. —Weight, 0*88 gm.; measurements, 1*6 by 1*2 by 0*9 cm. 

Nineteen Graafian follicles can be counted, all of which are small, 
the largest being 0*2 cm. 

No corpus luteum is present, and onl3’ one remnant of a previous 
corpus luteum can be seen; the latter is a bright yellow spot and it 
measures 0*05 cm. 

(Si) Sheep No. 29316.—Date slaughtered, 22nd September, 1934; age, 4 years; 
condition, fair; weight, 69*0 lb, 

Sexwil History. 

24.7.32 to 26.2.33 (218 days): anoestrous period. 

27.2.33 to 21.7.33 (145 da.ys): nine exhibitions of oestrus. 

22.7.33 to 15.6.34 (329 days): anoestrous period, 

16.6.34 (1 day): one exhibition of oestrus. 

17.6.34 to 22.9.34 (98 days): anoestrous period. 

Uterus. —Weight, 24*0 gm. 

Left Ovary. —Weight, 0*58 gm.; measurements, 1-4 by 1*1 by 0*7 cm. 

Graafian follicles are not easily seen on the surface of the ovarj^ 
but six follicles are seen on* section of the ovary, the largest being 
0*2 cm. in diameter. The latter follicle has been cut through and it 
contains a clear fluid. 

No corpus luteum is present. Seven remnants of previous corpora 
lutea occurring as dark specks are seen. 

Bight Ovary. —Weight, 0*60 gm.; measurements, 1*5 by 1*1 by 0*7 cm. 

There is one large Graafian follicle, 0*4 cm. in diameter which 
bulges very slightly above the surface of the ovary, while five follicles 
of 0*1 cm. are also*present. The large follicle has been cut through; 
it contains a clear fluid and its outer wall is thin. 

No corpus luteum is present. Seven remnants of previous corpora 
lutea are seen; they are 0*1 cm. in diameter. 

(SS) Sheep No. 29822.—Date slaughtered, 30th August, 1934; age, 4 years; 
condition, poor; weight, 50*0 lb. 

SexMal History. 

29.7.32 (1 day): one exhibition of oestrus. 

30.7.32 to 28.1.33 (183 days): anoestrous period. 

29.1.33 to 20.7.33 (173 days): nine exhibitions of oestrus. 

21.7.33 to 30.8.34 C406 days): anoestrous period. 

No exhibition of oestrus was observed during the sexual season 
February to August, 1934. 

Uterus. —Weight, 16*0 gm. 
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Left Ovarij* —Weight, 0*63 gin.; measurements, 1*2 by 0-9 by 0-7 cm. 

Nine Graafian follicles are seen situated near the surface of the 
ovary; the largest follicle is 0*3 cm. in diameter; it is not proininant. 

No corpus luteum is present, but several remnants of previous 
corpora lutea are seen. 

flight Ovary. —Weight, 0*5^3 gm.; measurements, 1-1 by 1*0 by 0*7 cm. 

Two Graafian follicles of 0*2 cm. in diameter are seen on the surface 
of the ovary. On section, a follicle of 0-4 cm. is seen in addition to 
several small follicles varying in size. 

No corpus luteum is present, but the rcMiniaiits of previous corpora 
lutea are seen. 


(36) Sheep No. 29825.—Dat«* slaughtered, 14th September, 1934; age, 4 years; 

condition, fair; weight, 59*5 lb. 

Sexvdl History. 

24.7.32 to 21.2.33 (213 days); anoestrous period. 

22.2.33 to 15.6.33 (114 days): six exhibitions of oestrus. 

16.6.33 to 18.5.34 (337 days): anoestrous period. 

19.5.34 (1 day): one exhibition of oestrus. 

20.5.34 to 14.9.34 (118 days); anoestrous period. 

Uterus. —Weight, 18*5 gm. 

Left Ornry. —Weight, 0*46 gm.; measiirenients, 1*2 by 1*0 by 0*7 cm. 

One Graafian follicle measuring 0*2 cm. is seen and three others 
of 0*1 cm. and, less are present. 

No corpus luteum is present, but six remnants of previous corpora 
lutea are seen as dark .specks, ^ 

Bight Ovary. —Weight, 0*64 gm.; measurements, 1*3 by 1*1 by 0*7 cm. 

Very numerous small Graafian follicles can he seen on the surface 
of the ovary, and ev^en more follicles are seen when the ovary is 
sectioned. A total of ten follicles is counted, the largest being 0*2 cm. 
in diameter. 

No corpus luteum is present, and only one remnant of a previous 
corpus ulteum is seen. 

(37) Sheep No. 35500.—Date slaughtered, 30th August, 1934 ; age, 4 years; 

condition, fair; weight, 66*0 lb. 

Sexual History. 

30.7.32 (1 day): one exhibition of oestrus. 

31.7.32 to 27.1.33 (181 days): anoestrous period. 

28.1.33 to 11.9.33 (227 days): tw'elve exhibitions of oestrus. 

12.9.33 to 30.8.34 (353 days): anoestrous period. 

No exhibition of oestrus was observed during the sexual season, 
February to August, 1934. 

Uteinis. —Weight, 17*5 gm. 

Left Ovary. —Weight, 0*45 gm.; measurements, 1*1 by 0*9 by 0*6 cm. 

One large Graafian follicle measuring 0*5 cm. is seen on the surface 
of the ovai 7 ^ and on section five small follicles 0*1 cm. are found. The 
large follicle has been sectioned and it contains a clear fluid. 

No corpus luteum is present, but the remnants of some previous 
corpora lutea are seen. 

Right Ovary. —Weight, 0*61 gm.; measurements, 1*2 by 1*0 by 0*7 cm. 

A Graafian follicle measuring 0*4 cm. in diameter is readily seen 
on the surface of the ovary although it is not prominent. On section 
of the ovary, five smaller follicles 0*1 to 0*2 cm. are seen. The 
largest follicle has been cut through and it contains a clear fluid. 

No corpus luteum is present, and only one remnant of a previous 
corpus luteum is seen. 
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Group V. 

Observations commenced 22nd July, 1932. 

Ration per capita per diem.—Maize, 5 oz.; teff hay, 2-5 lb.; Lick, ad lib 
(2 parts bone meal, 1 part salt). 

{^38) Sheep No, SB507 .—Date slaughtered, 23rd August, 1934; age, aged; 
condition, fair; weight, 51*0 lb. 

Sexual History, 

22.7.32 (1 day): one exhibition of oestrus. 

23.7.32 to 21.11.32 (122 days): anoestrous period. 

22.11.32 to 6.9.33 (289 days): fourteen exhibitions of oestrus. 

7.9.33 to 23.8.34 (351 days): anoestrous period. 

No exhibition of oestrus was observed during the sexual season, 
February to August, 1934. 

Uterus, —Weight, 32*0 gm. 

Left Ovary. —Weight, 0*64 gm.; measurements, 1-4 by 11 by 0*6 cm. 

Graafian follicles are very inconspicuous on the surface of the 
ovary, but on section four small follicles 0*1 cm. in diameter are seen. 

No corpus luteum is present, but the remnants of previous corpora 
lutea are seen. 

Bight Ovary. —Weight, 0*63 gm.; measurements (omitted). 

One Graafian follicle, 0*3 cm. is seen near the surface of the 
ovary; this has been sectioned and it contains a clear fluid. On section 
of the ovary three more follicles 0*1 cm. in diameter are seen. 

No corpus Juteum is present, but the remnants of several previous 
corpora lutea are seen. 


(39) Sheep No. 35506.—Date slaughtered, 14th December, 1934; age, 6 years; 
condition, fair; weight, 61*0 lb. 

Sexual History. * 

9.7.32 to 29.8.32 (52 days): four exhibitions of oestrus. 

30.8.32 to 22.11.32 (58 days): anoestrous period. 

23.11.32 to 3.8.33 (255 days): eleven exhibitions of oestrus. 

4.8.33 to 26.3.34 (235 days): anoestrous period, 

27.3.34 to 27.8.34 (155 days): eight exhibitions of oestrus. 

28.8.34 to 14.12.34 (109 days): anoestrous period. 

Uterus. —Weight, 40*0 gm^. 

Left Ovary. —Weight, 1*13 gm.; measurements, 1*8 by 1*4 by 0*8 cm. 

Twelve Graafian follicles are seen, the largest of which is 0*1 cm; 
many of the follicles are hardly visible. ^ However, on section larger 
follicles are seen to-be situated deeper in the tissues of the ovary: 
one is 0*4 cm. and two are 0*25 cm. in diameter. 

No corpus luteum is present and no remnants of corpora lutea 
are seen. 

Bight Ovary. —Weight, 1*22 gm.; measurements, 1*8 by 1*5 by 0*9 cm. 

Ten Graafian follicles can be counted, the largest of which is 
0*15 cm. A projection of 0*2 c*m. on one pole of the ovary proved, on 
section, to be a follicle which has been pushed out; it measures only 
0*3 cm. and its outer wall is thick. The largest follicle seen is 0*4 cm. 
No corpus luteum or remnants of corpora lutea are seen. 
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(40) fif/icep JVo. 15239.—Date slaughtered, 23rd'August, 1934; age, 6-7 years; 

condition, good; weight, 74-0 lb. 

Sexual History. 

26.7.32 (3 day); one exhibition of oestrus. 

27.7.32 to 21.2.33 (210 days): anoestrous period. 

22.2.33 to 8.7.33 (137 days): nine exhibitions of oestrus. 

9.7.33 to 28.8.34 (411 days); anoestrous period. 

No exhibition of oestrus was observed during the sexual season, 
February to August, 1934. 

cr-aa.—Weight, 50*5 gm. 

Left Ovary. —^Weight, 0*66 gm.; measurements, 1-5 by 1*0 by 0*6 cm. 

Graafian follicles- are- not very apparent on the surface of the 
ovary, but two follicles of 0*1 cm. are seen when the ovary is 
sectioned. 

A corpus luteum just appearing on the surface of the ovary 
measures 0*2 by 0*3 cm. It apparently is a receding corpus at a late 
stage. A few remnants of previous corpora lutea are present. 

Bight Ornry. —Weight, 0*80 gm.; measurements, 1-4 by 1*2 by 0*8 cm. 

Numerous Graafian follicles are seen on the surface of the ovary; 
one although 0*5 cm. in diameter does not project above the surface 
of the ovary. 

Near the sectioned margin of the ovary is a corpus luteum 
measuring 0*2 cm. in diameter. This corpus luteum also appears to 
be in a late receding stage. No rernnants of previous corpora lutea 
seen. 

(41) Sheep No. 21658.—Date slaughtered, 7th December,' 1934; age, 6 years; 

c-ondition, good; weight, 81*0 Ib. 

Sexual History. 

9.7.32 to 15.9.32 (70 days); five exhibitions of oestrus. 

16.9.32 to 12.3.33 (178 days): anoestrous period. 

13.3.33 to 8.9.33 (180 days) : twelve exhibitions of oestrus. 

9.9.33 to 6.5.34 (241 days) *. anoestrous period. 

7.5.34 to 16.10.34 (163 days): eleven exhibitions of oestrus. 

17.10.34 to 7.12.34 (52 days): anoestrous period. 

Uterus. —Weight, 34*5 gm 

Left Oranj. —Weight, 0*90 gm.; measurements, 1*0 by 1*2 by 0*7 cm. 

Twelve Graafian follicles can be counted in the ovary, many of 
which are apparent on the surface of the ovary. The largest follicle 
is 0*3 cm. in diameter. 

No corpus luti'um is present, but the remnants of six previous 
corpora lutea are seen occurring as light brown specks. 

Bight Oron/.”' Weight, 0*93 gm.; measurements, l-O by 1*2 by 0*9 cm. 

Seven Graafian follicles can be counted, the largest of which is 
0*5 cm. in diameter. 

No corpus luteum is present althougli the remnants of ten previous 
corpora lutea are seen. 

{42) Sheep No. 25876.—Date slaughtered, 14th December, 1934; age, 6 years; 
<*ondition, fair; weight, 58*0 lb. 

Sexual History. 

17.7.S2 (1 day): one exhibition of oestrus. 

18.7.32 to 2.1.33 (169 days); anoestrous pericKl. 

3.*i.33 to 14.7.33 (193 days): nine exhibitions of oestrus, 

15.7.33 to 11,3.34 (240 days): anoestrous period. 

12.3.34 to 11.7.34 (62 days): seven exhibitions of oestrus. 

12.7.34 to 14.12.34 (156 days): anoestrous period. 
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Uterus. —^Weight, 27*0 gm. 

Left Ovary. —Weight, 0*65 gm.; measurements, 1*6 by 1*1 by 0’76 cm. 

Fourteen Graafian follicles can be counted on the surface of the 
ovary, they are all 0*1 cm. and less in size. On. section follicles are 
found throughout the tissues of the ovary; the largest seen is 0-2 cm, 
in diameter. 

No corpus luteum is present, but five remnants of previous corpora 
lutea are seen; one of the latter when sectioned is found to be a dark 
brown irregular spot of 0*1 cm. 

Itight Ovary. —Weight, 0*85 gm.; measurements, 1-6 by 1*3 by 0*8 cm. 

Fifteen Graafian follicles can be counted, the largest of which is 
0*2 cm. On section follicles are found to exist throughout the tissue 
of the ovary and even near the attached border. 

No corpus luteum is present, but seven remnants of previous 
corpora lutea are seen. 


(43) Sheep No, 25883.—Date slaughtered, 22nd September, 1934; age, 6 years; 
condition, poor; weight, 53-0 lb. 

Sexual History. 

22.7.32 to 27.8.32 (37 days): three exhibitions of oestrus. 

28.8.32 to 3.11.32 (68 daj^s): anoestrous period. 

4.11.32 to 24.7.33 (263 days): ten exhibition of oestrus. 

25.7.33 to 18.1.34 (178) days): anoestrous period. 

19.1.34 to 13.6.34 (146 days): two exhibitions of oestrus. 

14.6.34 to 22.9.34 (101 days): anoestrous period. 

Uterus. —Weight, 32*5 gm. 

Left Ovary. —Weight, 0*58 gm.; measurements, 1*3 by 1*1 by 0*7 cm. 

One Graafian follicle 0*3 cm. in diameter is seen but it is not 
prominent; numerous other follicles 0*1 cm. are seen on the surface 
of the ovary. On section tw*elv6 follicles can be counted. 

No corpus luteum is present. A few remnants of previous corpora 
lutea are seen as dark specks; one of these has been sectioned and is 
0*1 cm. , 

liight Ovary. —Weight, 0*60 gm.; measurements, 1*3 by 1*1 by 0*8 cm. 

One Graafian follicle only 0*2 cm. in diameter is seen projecting 0*1 
cm above the surface of the ovary, and several other follicles of 
0*1 cm. are present . On section it is found that the projecting follicle 
had been pressed out by a larger follicle, 0*6 cm. in diameter, w^hich 
is situated deeper in the tissues of the ovary. 

No corpus luteuip is present, but about six dark specks can be 
counted; the latter are remnants of previous corpora lutea. 


{4k4) Sheep No. 26907.—Date slaughtered, 30th November, 1934; age, 7 years; 
condition, poor; weight, 63*0 lb. 

Sexual History, 

23.7.32 to 10.8.32 (19 days); two exhibitions of oestrus. 

11.8.32 to 14.2.33 (188 days): anoestrous period. 

15.2.33 to 20.8.33 (187 days); nine exhibitions of oestrus. 

21.8.33 to 7.4.34 (230 days): anoestrous period. 

8.4.34 to 9.10.34 (186 days): nine exhibitions of oestrus. 

10.10.34 to 30.11.34 (52 days): anoestrous period, 

Uterus. —^Weight, 34*6 gm. 
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Left Ovary. —Weight, 0*61 gm.; measurements, 1*1 by 1*2 by 0*6 cm. 

Three Graafian follicles are seen on the surface of the ovary, each 
of them being 0*1 cm. 

No corpus luteum is present. The ovary bulges somewhat on its 
lateral border. A dark brown speck 0*075 cm. is seen on the top of 
the bulge. On section the spot is found to be a remnant of a corpus 
luteum; it measures 0*1 by 0*1 cm. and is dark brown in colour. 
Other remnants, light brown in colour, occur in close proximity. 

Bight Ovary. —Weight, 0*42 gm.; measurements, 0*9 by 1*1 by 0*6 cm. 

Four Graafian follicles are seen; one mc^asures 0*6 cm. and the 
remainder 0*1 cm. One of the smaller follicles is superimposed on the 
large follicle, giving the ovary an abnormal shape. 

No corpus luteum is present, but a few remnants of previous 
corpora lutea are seen. 


Group VI. 

Observations commenced 7th October, 1932. 

Treatment.—On grazing; lick, ad lib. (2 parts bone meal and 1 part salt). 

(45) Sheep No. 15257.—Date slaughtered, 9th November, 1934; age, 6 years; 
condition, fair; weight, 76*0 lb. 

SfTU4il History. 

7.10.32 to 21.2.33 (138 days): anocstrous peritxl. 

22.2.33 to 1.9.33 Q92 days): eleven exhibitionli of oestrus. 

2.9.33 to 28.12,33 (188 days): anoestrous period, 

29.12.33 to 10.8.34 (225 days): ten exhibitions of oestrus. 

11.8.34 to 9.11.34 (91 days): anoestrous period. 

rferns. —Weight, 48 0 gm. 

Left Ovwry. —Weight, 1*66 gin.; measurements, 2*2 by 1*4 by 0*9 cm. 

The ovary is seen to contain one Graafian follicle 0*4 cm. in 
diameter and six follicles of 0*1 cm. 

A very prominent corpus luteum is present. It projects 0*4 cm. 
above the surface of the ovary and it measures 0*9 cm. across the top 
or head. The head is circular, it is flattened on top and has a very 
slight depression in its centre. The head is pinkish in colour. On 
section the corpus luteum is found to occupy fully half of the ovary; 
the former measures 1*2 by 1-1 cm. it is pinkish in colour, and it has 
no central depression. 

Bight Ovary. —Weight, 0 69 gm.; ineasurenieuts, 1*5 by 1*2 by 0-8 cm. 

Eight Graafian follicles can be counted, the largest being 0*3 cm. 
in diameter. The latter has been sectioned and it contains a clear 
fluid. 

No corpus luteum is present, but the remnants of six previous 
corpora lutea are seen. 


(46) Sheep No. 15327,—Date slaughtered, lltli January, 1935; age, 
condition, fair; weight, 63*5 lb. 


Sexual History. 

7.10.32 to 12.3.33 (167 days): 

13.3.33 to 10.8.33 (151 days): 

11.8.33 to 3.2.34 (177 days): 

4.2.34 to 5.8.34 (laS days); 

6.8.34 to 11.1.36 (159 days): 


anoestrous period. 

seven exhibitions of oestrus. 

anoestrous period. 

six exhibitions of oestrus. 

anoestrous period. 


Uterus. —Weight, 60*6 gm. 


years; 
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Left Otary, —Weight, 1*93 gm.; measurements, 1*8 by 1*9 by 1*1 cm. 

The abnormal shape of the ovary is due to the presence of a large 
corpus luteum. 

Six Graafian follicles can be counted in the ovary, the largest is 
0*4 cm. The largest follicle has been sectioned; it contains a clear 
fluid and its outer wall is thin and transparent. 

The corpus luteum does not have a projecting head, but its outer 
surface is pink in colour and a number of blood vessels can be seen 
transversing its surface. On section the co-rpus luteum is found to 
measure 1*2 by 1*1 cm. The cut surface is flesh coloured, and there 
is a cavity of 0*4 cm. in diameter which contains a fluid. This is 
apparently a corpus luteum I. Seven remnants of previous corpora 
lutea are seen. 

Bight Ovary, —Weight, 1*03 gm.; measurements, 1*5 by 1*5 by 0*7 cm. 

The ovary has a shrivelled appearance. Fifteen Graafian follicles 
can be counted in the ovary all of w*hich are 0*1 cm. and less in 
diameter. 

No corpus luteum is present, and only one remnant of a previous 
corpus luteum can be seen. 


{^7) Sheep No. 21504.—Date slaughtered, 11th January, 1935; ago, 7 years; 
condition, poor; weight, 57*0 lb. 

Sexual History. 

7.10.32 to 8.2.33 (125 days): anoestrous period. 

9.2.33 to 6.6.33 (118 days): five exhibitions of oestrus. 

7.6.33 to 13.5.34 (341 days): anoestrous period. 

14.5.34 to 23.8.34 (102 days): five exhibitions of oestrus. 

24.8.34 toll.1.35 (141 days): anoestrous period. 

Uterus. —^Weight, 35*5 gin. 

Left Ovary. —Weight, 0*75 gm.; measurements, 1*5 by 1*1 by 0-8 cm. 

Ten Graafian follicles can be counted on the surfiu^e of the ovary, 
the largest being 0*15 cm. However, on section of the ovary, a 
follicle measuring 0*5 cm. is found deeply situated in the substance 
of the ovary. 

A projection of 01 cm. ijnd measuring 0*3 cm. across its head 
is found on the surface of the ovary. It is pale and almost white in 
colour. On section it is found to be a corpus luteum measuring 0*6 
by 0*6 cm. It has a central depression of 0*3 era. and its cut surface 
is light flesh coloured. This is apparntly a corpus luteum 1. No 
remnants of previous corpora lutea an? present. 

Bight Ovary. —Weight, 0*48 gm.; measurements, 1*1 by 1*1 by 0*7 cm. 

On section of the ovary eleven Graafian follicles can be counted, 
although eight are apparent on the surface of the ovary. The largest 
follicle is 0*3 cm. in mameter; it is deeply situated and it is surrounded 
by several other follicles. 

No corpus luteumC is present and no remnants of previous corpora 
luta are seen. 


Sheep No. 24928.—Date slaughtered, 22nd November, 1934; age, 7 years; 
condition, fair; weight, 72*0 lb. 

Sexual History. 

7.10.32 to 27.2.33 (144 days): anoestrous period. 

28.2.33 to 5.8.33 ^59 days): ten exhibitions of oestrus. 

6.8.33 to 7.2.34 (186 ^days): anoestrous period. 

8.2.34 to 25.9.34 (230 days): twelve exhibitions of oestrus. 

26.9.34 to 22.1*1.34 (68 days): anoestrous period. 

Uterus. —Weight, 45*0 gm. 
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Left Ovary. —Weight, 1-35 gm.; measurements, 1*9 by 1*4 by 0*9 cm. 

Five Graafian follicles can be counted on the sucface of the ovary, 
the largest being 0*2 cm. The ovary is soft and flabby and difficult 
to section. On section a follicle measuring 0*7 cm. is found lying 
deep in the parenchymatous layer. This follicle has been cut into 
and it contains a clear fluid. 

No corpus lutum is present, but seventeen remnants of previous 
corpora lutea can be counted; the latter vary from light to dark brown 
in colour. 

liight Ovary. —Weight, 1*2 gm.; measurements, 1-8 by 1-4 by 0-8 cm. 

Eleven Graafian follicles can be counted in the ovary; the two 
largest follicles measure 0*3 cm. and they were found in close 
proximity. 

No corpus luteum is present, but the remnants of six previous 
corpora lutea are seen. 


(49) iSVicep No. 25873.—Date slaughtered, 11th January, 1935; age, 6 years; 
condition, good; weight, 80*0 lb. 

i^iexual History. 

7.10.32 to 3.3.33 (148 days): anoestrous period. 

4.3..33 to 12.8.33 (162 days): nine exhibitions of oestrus. 

13.8.33 to 16.2.34 (188 days): anoestrus period. 

17.2.34 to 27.7.34 (161 days); ten exhibitions of oestrus. 

28.7.34 to 11.1.35 (168 days): anoestrous period. 

Uterus, —^Weight, 41*5 gm, , 

Left Ovary, —Weight, 0*79 gm.; measurements, 1*5 by 1*3 by 0*8 cm. 

Seven Graafian follicles can be seen in the ovary all of which are 
0*1 cm. and less in diameter. 

A very small projection is found on the surface of the ovary. On 
section of the ovary a corpus luteum is found measuring 0*3 by 0*3 cm. 
and the cut .surfa(*es of the body are very pale. Jt is apparently 
a corpus luteum 1 during the latter part of the interovulation period. 
Nine remnants of previous corpora lutea are present. 

liight Ovary. —Weight, 1*15 gm,; measurements, 1*6 by 1*5 by 0*9 cm. 

Fifteen Graafian follicles can be counted in the ovary; there is 
one follicle of 0*3 cm. and three of 0*2 cm. Some follicles were cut 
through when the ovary was sectioned; they contained a clear fluid.. 

No corpus luteum is present, but the remnants, of four corpora 
lutea are seen. 


(50) She fit No. .3.)50].—Date slaughtered. 14th December, 1934; age 7 years; 
condition, very good; weight. 84*0 lb. 

Sexual History. 

7.10.32 to 9.2.33 (126 days): anoestrous period. 

10.2.3.3 to 27.5.33 (107 days): seven exhibitions of oestrus. 

28.5.33 to 6.3.34 (283 days): anoestrous period. 

7.3.34 to t.9.34 (182 days): ten exhibitions of oestrus. 

5.9.34 to 14.12.34 (101 days): anoestrous period. 

Uterus. —Weight, 37*5 gm. 

Left Drar»/.—Weight, 0*81 gm.; measurements, 1*5 by 1*5 by 0*9 cm. 

Five Graafian follicdes can be counted, one of which is 0*55 cm. 
and the remainder very small. The largest follicle is prominent and 
the outer wall is transparent; it was cut into when the ovary was 
sectioned and it is found to contain a clear fluid. 
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A corpus liiteum is present. It projects only 0*05 cm. above the 
surface of the ovary, the head measures 0*1 cm. acros its width. The 
colotir is pale and it has a. light yellow spot in its centre. On section 
the corpus luteiim is found to be pale in colour; it measures 0*6 by 
0*6 cm. It is apparently a corpus luteum I. 

Eight Ovary, —Weight, 0*48 gm.; measurements, 1*4 by 0*9 by 0*6 cm. 

Only three Graafian follicles can .be detected. The largest follicle 
is seen on section of the ovary; it measures 0*21 cm. 

No corpus luteum is present, but the remnants of six previous 
corpora lutea are seen occurring as dark specks. 

(51) Sheep No. 36496,—Date slaughtered, 30th November, 1934; age, 7 years; 

condition, very good; weight, 87*0 lb. 

Sexual History. 

7.10.32 to 23.2.33 (140 days): anoestrous period. 

24.2.33 to 16.7.33 (143 days) .* nine exhibitions of oestrus. 

17.7.33 to 17.2.34 (216 days): anoestrous period. 

18.2.34 to 3.9.34 (197 days): twelve exhibitions of oestrjis. 

4.9.34 to 30.11.34 (88 days): anoestrous period. 

liter as. —Weight, 20*5 gm. 

Left Ovary. —Weight, 0*56 gm.; measurements, 1*3 by 1*0 by 0*7 cm. 

Four Graafian follicles can bo seen on the surface of the ovary; 
they are not easily seen and the largest is 0*3 cm. The latter follicle 
has been cut into and it contains a clear fluid. 

No corpus luteum is present, but the remnants of nine previous 
corpora lutea are seen. 

Eight Ovary. —Weight, 0*61 gm.; measurements, 1*4 by 1*0 by 0*7 cm. 

Three Graafian follicles can be seen on the surface of the ovary 
and three more have become apparent on section of the ovary. The 
largest follicle occurs on the one pole of the ovary; it measures 0*5 
cm. and when cut is found to contain a clear liquid. 

No corpus luteum is present, but the remnants of five previous 
corpora lutea are seen. 

(52) Sheep No. 35502.—Date slaughtered, 11th January, 1935; age, 6 years; 

condition, poor ; weight, 68*0 lo. 

Sexual History. 

7.10.32 to 22.2.33 (139 days): anoestrous period. 

23.2.33 to 1.8.33 (160 days): ten exhibitions of oestrus. 

2.8.33 to 22.2.34 (205 days): anoestrous period. 

23.2.34 to 27.6.34 (125 days) .* eight exhibitions of oestrus. 

28.6.34 to 11.1.35 (198 days): anoestrous period. 

Uterus. —Weight, 33*6 gm^ 

Left Ovary. —Weight, 0*93 gm,; measurements, 1*4 by 1*3 by 1*0 cm. 

Fourteen Graafian follicles can be counted on the surface of the 
ovary; the largest follicle is O-S cm. However, when the ovary is 
sectioned twenty>four follicles are counted. The largest follicle has 
been cut into; it contains a clear fluid and its internal surfaces are 
pinkish. 

No corpus luteum is present and three remnants of previous 
corpora lutea are seen. 

Eight Ovary. —Weight, 0*72 gm.; measurements, 1*3 by 1*1 by 0*8 cm. 

The Graafian follicles present in the ovary are all small, not 
exceeding 0*1 cm. in diameter. On section of the ovary seven follicles 
can be counted. 

No corpus luteum is present, but four remnants of previous corpora 
lutea are seen. 
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{53) Sheef} A'«. 36497.—Date 8lauf;;htere(l, 30th November, 1934; age, 7 years; 
condition, good; weight, 95*0 lb. 

Sexual History, 

7.10.32 to 14.2.33 (131 days): anoestrous period. 

15.2.3«3 to 29.8.33 ^96 days): ten exhibitions ot* oestrus. 

30.8.33 to 2.1.34 (126 days): anoestrous period. 

3.1.34 to 3.9.34 (244 days): ten exhibitions of oestrus. 

4.9.34 to 30.11.34 (88 days); anoestrous period. 

Uterus. —Weight, 29*5 gin. 

Left Ovary, —Weight, 0*65 gm.; measurements, 1*5 by 1*1 by 0*7 cm. 

Eight Graafian follicles can be counted on the surface of the 
ovary; the largest follicle is 0-4 cm. and the remainder are 0-1 cm. in 
diameter. 

N(i corpus Iiiteum is present but four remnants of previous corpora 
lutea are seen. 

liigld Ontry. —Weight, 0*69 gm.; measurements, 1-2 by 1-2 by 0*9 cm. 

Four Graafian folliclt>s can be seen on the surface of the ovary; 
the largest follicle i«* 0-6 cm. and the remainder are 0*1 cm. in diameter. 
The largest follicle is found to bulge 0*15 cm. beyond the surface of the 
ovary. On section, it is found that this follicle is situated above 
another follicle of approximately the same size which was pressing 
the former out. 

No corpus luteum is present, but a few remnants of previous 
corpora lutea are seen. 


Group VIL 

Observations commenced 7th October, 1932. 

Treatment.—On grazing: Maize, 8 to 12 oz. per capita per diem; lick, 
ad hh, (2 parts bone meal, 1 part salt). 

(54) Sheep yo, 16351.—Date slaughtered, 30th November, 1934; age, 7 years; 
condition, good ; weight, 84*0 lb. 

Sexual History, 

7.10.32 to 5.2.33 (122 days): anoestrous period. 

6.2.33 to 31.8.33 (207 day.s): thirteen exhibitions of oestrus. 

1.9.33 to 11.1.34 (133 days): anoestrous period. 

12.1.il4 to 29.10.34 (291 days): eighteen exhibitions of oestrus. 

30.10.34 to 30.11.34 (32 days): anoestrous period. 

Uterus. —Weight, 52-5 gm. 

Left Orary. —Weight, 0*72 gm.; measurements, 1*3 by 1*2 by 0*9 cm. 

Two very incon.spicuous small Graafian follicles are seen on the 
surface of the ovary, but on .section of the ovary six small follicles are 
found to be present. A slight projection of 0*1 cm. above the surface 
of the ovary is found. It is marked with a series of coneentric circles 
of small bbKKl vessels \rhich leave a small clear space in the centre. 
The projection measures 0*3 cm. across. When the area adjacent to 
the projection is touched with a pin, the projection bulges outward 
and it appears to enclose a liquid. When the pressure is realised, the 
projection returns to its original size. This is a Graakan follicle 
shortly before rupture. 

No corpus luteum is present but a few remnants of previous 
corpora lutea are seen. 

Itight Ovary, —Weight, 0*60 gm.; measurements, 1*4 by 1*0 by 0*7 cm. 

Two Graafian follicles can be seen; the larger follicle is 0*3 cm. 
and w*hen cut through it contains a clear fluid. 

No corpus luteum is present, but the remnants of four previous 
corpora lutea are seen. 
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(55) Sheep No. 22210.—Date slaughtered, 16th November, 1934; age, 6 years; 
condition, good; weight, 76*0 lb. 

Sexwil History. 

7.10.32 to 2.3.33 (147 days): anoestrous period. 

3.3.33 to 30.7.33 (150 days): seven exhibitions of oestrus. 

31.7.33 to 0.3.34 (222 days): anoestrous period. 

10.3.34 to 11.9.34 (186 days): five exhibitions of oestrus. 

12.9.34 to 16.11.34 (66 days): anoestrous period. 

Uterus. —Weight, 31-5 gm. 

Left Ovary. —^Weight, 1*2 gm.; measurements, 1*4 by 1-6 by 0 9 cm. 

Twenty Graafian follicles can be counted on the surface of the 
ovary and the largest is 0*2 cm. On section of the ovary the 
parenchymatous layer is found to contain innumerable small follicles. 

No corpus luteum is present. A few remnants of previous corpora 
lutea are seen; these are light brown in colour and they measure 
0*1 cm. 

Itight Ovary. —^Weight, 1-10 gm.; measurements, 1*5 by 1-2 by 0-7 cm. 

On section of the ovary fifteen Graafian follicles can be counted, 
the largest being 0*3 cm. 

No corpus luteum is present, but a few remnants of previous 
corpora lutea are seen; the latter are light brown in colour and 
measure 0*1 cm. 


(55) Sheep No. 25106.—Date slaughtered, 7th December, 1934; age, 6 years; 
condition, ver 3 ' good; weight, 95*0 lb. 

Sexual History. 

7.10.32 to 3.3.33 (148 days): anoestrous period. 

4.3.33 to 7.8.33 (157 days): six exhibitions of oestrus. 

8.8.33 to 11.1.34 (167 days): anoestrous period. 

12.1.34 to 19.9.34 (251 days): thirteen exhibitions of oestrus. 

20.9.34 to 7.12.34 (79 days): anoestrous period. 

Uterus. —^Weight, 30*6 gm. 

Left Ovary. —Weight, 0*82 gm.; nfeasureroents, 1*5 by 1*2 b.y 0*8 cm. 

Seventeen Graafian follicles can be counted on the surface of the 
ovary, but all are small, being 0*15 cm. in diameter. On section of 
the ovary the follicles are found congregated near the surface of the 
ovary and no large follicles are found. 

No corpus luteum is present, but the remnants of five previous 
corpora lutea are seen. 

Right Ovary. —Weight, iv79 gm.; measurements, 1*9 hy 1*4 by 1*2 cm. 

The surface of the ovary is irregular, due to the presence of large 
and numerous Graafian follicles and a corpus luteuip. 

A total of nineteen follicles can be counted; iheiis are two of 
0*5 cm., one of 0*3 cm., several of 0*2 cm. in d&Ktiieter, and the 
remainder are smaller. >r 

The corpus luteum< gives the ovary an abnormU shape and in 
addition the former has a projecting head of 0*15 cm. above the surface 
of the ova^. The head measures 0^3 cm. across, it has a slight 
depression in its centre, and it is skin-coloureil. On section of the 
ovary through the corpus luteum, the latter is found-to occupy two- 
thirds of the ovaiy. The corpus luteum measures 1*6 by 1*55 cm. 
and its substance is fiesh coloured; it has a central cavity of 0*4 by 
0*3 cm. the colour of which is slightly deeper fiesh-coloured than the 
surrounding luteal tissue. 

Two Graafian follicles measuring 0*4 and 0*5 cm. are found 
situated near the corpus luteum. 
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(57) A^heep xVo. 26908.—Date slaut^htered, 14th December, 1934; age, 7 years; 
condition, good; weight, 83-5 lb. 

Sexual Ilisto'ry. 

7.10.32 to 13.1.33 (99 days): anoestrous period. 

14.1.33 to 1.9.33 (231 days): thirteen exhibitions of oestrus. 

2.9.33 to 17.12.33 (107 days): anoestrous period. 

18.12.33 to 2.9.34 (259 days): fourteen exhibitions of oestrus. 

3.9.34 to 14.12.34 (103 days): anoestrous period. 

Uterus, —Weight, 47-5 gin. 

Left Ovary. —Weight, 1*37 gin.; measurements, 1-4 by 1*8 by 1-25 cm. 

The ovary has an abnormal shape which is due to a large project¬ 
ing corpus luteum on the free border of the ovary. 

Four Graafian follicles, all 0 15 cm. and less, are seen. On section, 
a follicle of 0*4 cm. is found near the base of the corpus luteum. 

A corpus luteum 1 is present. It projects 0*6 cm. above the 
surface of the ovary and it is pinkish in colour. The projecting 
portion measures 0*7 cm. across its head; it is almost circular and has 
overlapping margins; a slight irregular depression is present in the 
centre of the head. On section, the corpus luteum is found to be a 
solid body measuring, 1*2 by 0*8 cm., and its cut surfaces are pinkish in 
colour. The remnants of eight previous corpora lutea are seen. 

Itighf Ovary. —Weight, 0-86 gm.; measurements, 1-45 by 1*2 by 0*9 cm. 

Two Graafian follicles, measuring 0*4 and 0*2 cm., are seen on 
the surface of the ovary. On section of the ovary, six follicles can be 
counted. The largest follicle has been sectioned and it contains a 
clear fluid. 

A small light yellow body, measuring 0*15 cm., is present in the 
ovary. This is very apparently a t*orpus luteum of the previous 
interovulation period and hence corpus luteum II. The remnants of 
twelve corpora lutea can be counted. 


(5S) Sheep So. 259;I8,—Date slaughtered, 14th September, 1934; age, 7 years; 
condition, good; weight, 72*0 lb. 

Sfxiuil History. 

7.10.32 to 7.2.33 (124 days): anoe.strous period. 

8.2.33 to 11.5.33 (124 days): three exhibitions of oestrus. 

12.6.33 to 10.4.34 (303 days): anoestrous period. 

11.4.34 to 15.5.34 (35 days): two exhibitions of oestrus. 

J0.5.34 to 14.9.34 (122 days): anoestrous period. 

Uterus. —Weight, 77*5 gm. 

Left Ovary. —Weight, 1*52 gm.; measurements, 1*7 by 1*6 by 11 cm. 

The surface of the ovary is irregular, due to projecting follicles, 
none of which exceed 0*2 cm., but the follicles have probably been 
pushed out by the existing corpus luteum. 

A corpus luteum projects 0*1 cm. above the surface of the ovary; 
the projecting head has a slightly yellow colour and it has a slight 
indentation. When sectioned, the corpus luteum measures 1*0 by 0*7 
cm., and consequently occupies a large space in the ovary. The cut 
surface is light yellow. This is a corpus luteum I. A few dark 
specks, representing the remnants of previous corpora lutea, are seen. 

Itight Ovary.—Weight. 1*22 gm.; measurements, I G by 1*6 by 0*9 cm. 

A large Graafian follicle, measuring 0*5 cm., gives the ovary an 
irregular shape; this follicle projects 0*2 cm. above the surface of the 
ovary. Several smaller follicles can be distinguished. 

No corpus luteum is present, but some remnants of previous 
corpora lutea are seen. 
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(59) Sheep No. 35503.—Date slaughtered, 22nd! November, 1934; age, 6 years; 
condition, very good; weight, 99*0 lb. 


SexvM History. 

7.10.32 to 27.2.33 (144 days): 

28.2.32 to 31.8.33 (185 days) : 
1.9.33 to 29.12.33 (120 d^ys); 

30.12.33 to 24.8.34 (238 days): 
25.8.34 to 22.11.34 (90 days): 


anoestroiis period. 

ten exhibitions of oestrus. 

anoestrous period. 

eight exhibitions of oestrus. 

anoestrous period. 


Uterus. —Weight, 47*5 gm. 

Left Ovary. —Weight, 0*60 gm.; measurements, 1*3 by 1*0 by 0*8 cm. 

Four Graafian follicles can be seen on the surface of the ovary, 
the largest being 0*2 cm. 

A corpus luteum, projecting 0*06 cm. above the surface of the 
ovary, is present. On section, it is found to be almost oval in shape, 
the points of the oval pointing toivards the poles of the ovary. The 
body measures 0*3 by 0*5 cm., the margins are almost white in 
colour, w-hile the centre is a light yellow w’hich is extended to the 
projecting portion. This is apparently a corpus luteum 11. Eight 
remnants of previous corpora lutea occur as light and dark brow*n 
specks. 

Might Ovary. —Weight, 2*03 gm.; measurements, 1*9 by 1*4 by 1*7 cm. 

The abnormal shape of the ovar^^ is due to the presence of largo 
Graafian follicles and a newl^* formed corpus luteum. 

Two very prominent Graafian follicles are seen, one is 0*7 cm. and 
the other 0*3 cm. in diameter. 

The abnormal shape of the ovary is largely caused by the presence 
of a newly formed corjius luteum I, which occupies fully two-thirds 
of the ovary. The large prominence is red and several blood vessels 
can be seen transversing it. On section, the body is found to (*ontain 
a slightly dull-coloured fluid, a portion of which is jelly-like and the 
latter becomes diffused with blood w’hen irritated with a pin. The 
walls of the body, enclosing a large cavity of 1*1 by 0*9 cm., are 
thick, being 0*1 cm., and the surface of the cavity is ]>inkish. The 
remnants of nine previous corpora lutea are seen. 


(Q{\) Sheep No. 35504.—Date slaughtered, 9th November, 1934; age, C years; 
condition, very good; weight, 98*0 lb. 

Sexual History. 

7.10.32 to 14.2.33 (131 days): anoestrous period. 

15.2.33 to 13.8.33 (180 days): eleven exhibitions of oestrus. 

14.8.33 to 1.1.34 (141 days): anoestrous period. 

2.1.34 to 15.9.34 (257 days); fifteen exhibitions of oestrus. 

16.9.34 to 9.11.34 (55 days): anoestrous period. 

Uterus. —Weight, 49*5 gna. 

Left Ovary. —Weight, 1*14 gm.; measurements, 1*6 by 1*2 by 0*9 cm. 

Fifteen -small Graafian follicles, the largest of which is 0*2 cm., 
can be counted. 

A corpus luteum appears on the surface of the ovarv*. It projects 
0 05 cm. above the surface of the ovary and measures 0*175 cm. across 
the top or head. On se<*tion, the corpus luteum is found to extend 
0*8 cm. into the ovary and to be 0*5 cm. in width. It is almost cone- 
shaped and has a large central depression, measuring 0*3 by 0*5 cm., 
which contains a fluid. The substance of the body is flesh-coloured 
but the colour of the depression is deep pink. 

Might Ovary. —Weight, 0*91 gm.; measurements, 1*4 by 1*3 by 0*9 cm. 

Six Graafian follicles can be counted in,the ovary; the largest is 
0*6 in diameter and it causes the ovary to bulge somewhat. 

No corpus luteum is present, but the remnants of four previous 
corpora lutea are seen. 
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Group VIII. 

Observations commenced Ist May, 1933. 

Treatment.—On {(razing; Green oat grazing during winter monthsj lick, 
ad lib (2 parts bone meal, 1 part salt). 

(01) Skeep No. 21500.—Date slaughtered, 9th November, 1934; age, 6 years; 
condition, very good; weight, 84-l> lb. 

SexuaJ, History, 

1.5.33 to 15.9.33 (138 days): eight exhibitions of oestrus. 

16.9.33 to 31.12.33 (107 days): anoestrous period. 

1.1.34 to 2.10.34 (275 days): seventeen exhibitions of oestrus. 

3.10.34 to 9.11.34 (38 days): anoestrous period. 

Uterus. —Weight, 45*5 gm. 

Left Ovary. —Weight, 0*87 gm.; measurements, 1-6 by 1*1 by 0*8 cm. 

Twelve Graafian follicles can be counted in the ovary; all the 
follicles are small and do not exceed 0*2 cm. 

No corpus lutcum is present, but nine remnants of previous 
cor[)ora lutea can bo seen. 

Itighi Ovary. —VWight, 1-53 gni.; measurements, 1-4 by 1*2 by 1*4 cm. 

The abnormal shape of the ovary is due to the presence of large 
Graafian follic^les and a corpus luteum. 

Two large Graafian follicles, measuring p*8 and 0*5 cm. in 
diameter, are seen, and in addition several smaller follicles an* presemt. 
The largest follicle has been cut into; it contains a clear fluid, its 
outer wall is thin, and its int(*rnal surfaces are reddish in colour. 

A corpus luteum is present. Jt projects 0*6 cm. above the surface 
of the ovary and measures 0*5 cm. across its head. The' external 
portion is pinkish in colour. On section, the substance of the body 
IS dark fieslwoloured. It measures 1*2 by 10 cm. and there is a 
central depression. The remnants of three previous corpora lutea are 
seen. 


(02) Sheep Nn. 22059,—Date slaughtered, 14th December, 1934; age, 6 years; 
condition, v<*ry good; weight, 87*0 lb. 

Sexual History. 

3.5.33 to 10.7.33 (69 day.s): five exhibitions of oestrus. 

11.7.33 to 31.12.33 (174 days): anoestrous period. 

1.1.34 to 4.9.34 (247 days): fourteen exhibitions of oestrus. 

5.9.34 to 14.12,34 (101 days): anoestrous period. 

Uterus. —Weight, 39*5 gm. 

Left ifmry. —Weight, 0*72 gin.; measurements, 1*2 by 1*0 and 0-8 cm. 

Eleven Graafian follicles can be counted in the ovary; the largest 
follicle is 0*4 cm. 

No corpus luteum is present, but ten remnants of previous corpora 
lutea are seen. 

Bight Ornri/.—Weight, 113 gm.; measurements, 1-4 by 1*5 by 10 cm. 

The ovary has an abnormal shape due to the presence of a corpus 
luteum. 

Four small Graafian follicles, the largest of which is 0*15 cm., are 
present. 

The corpus luteum causes the ovary to bulge. The bulge is a 
slight pink colour. On section, the corpus lueteuin is found to occupy 
fully two-thirds of the ovary; the former measures 1*2 by 0*9 cm. 
and* it is almost pear-shaped. The cut surface of the body is pink and 
there is no depression present. This is apparently a corpus luteum I. 
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{<8S)JSheep No. 25025.—Date slaughtered, 2lBt December, 1934; age, 6 years; 
condition, very good; weight, 97*0 lb. 

Sexual History. 

3.0.33 to 12.7.33 (71 days): five exhibitions of oestrus. 

13.7.33 to 6.1.34 (178 days): anoestrous period. 

7.1.34 to 11.7.34 (186 days): twelve exhibitions of oestrus. 

; 12.7.34 to 21.12.34 (163 days): anoestrous period. 

Uterus. —Weight, 47-5 gm. 

Left Ovary. —Weight, 1*35 gm.; measurements, 1*7 by 1*5 by 1*0 cm. 

Fourteen Graafian follicles can be (‘ounted in the ovary; the 
largest follicle is 0-4 cm. However, on section, a deeply seated follicle, 
measuring 0*6 cm., is exposed. 

No corpus luteum is present and no remnants of previous corpora 
lutea are seen. 

Eight Ovary. —Weight, 1-16 gm.; measurements, 1*7 by 1*6 by 0-9 cm. 

The ovary is almost completely cone-shaped, the attached border 
of the ovary being the base of the (‘one. The abnormal shape of the 
ovary is due to the presence of a cjorpus luteum. 

Ten Graafian follicles can be counted in the ovary; they are 0*1 
cm. and less in diameter. 

The corpus luteum projects 0*2 cm. above the surface of the 
ovary; the projection is very bright red in colour; it measures 0*4 
cm. across its top and a small irregular depression is present. On 
section, the corpus luteum is found to measure 0*7 by 0*6 cm.; its 
cut surface is ver 3 ^ bright pink and very .soft. A small indefinitely^ 
outlined depression is present in the centre of the body. This is 
apparently a recently formed corpus luteum 1. The remnants of two 
previous corpora lutea are seen. 


(GA) Sheep No. 35708.—Date slaughtered, 22nd November, 1934; age, 7 j^ears; 
condition, very good; weight, 83*0 lb. 


Sexual History. 

2.5.33 to 6.6.33 (36 days): 

7.6.33 to 23.1.34 (231 days) : 
24.1.34 to 5.8.34 (194 days): 

6.8.34 to 22.11,34 (109 days) *. 


three exhibitions of oestrus, 
anoestrous period, 
eleven exhibitions of oestrus, 
anoestrous period. 


Uterus. —Weight, 40*0 gm. 

♦ , 

Left Ovary. —Weight, 0*97 gm.; measurements, 1*6 by 1*2 by 0*8 cm. 

Nine Graafian follicles are counted, the Ifirgest of which is 0*3 
cm. in diameter. 

No corpus luteum is present, but four remnants of previous 
corpora lutea are seen, and they are found to bo irregular light brown 
specks, measuring 0*05 to 0*1 cm. 


Bight Ovary. —Weight, 1*05 gm.; measurements, 1*5 by 1*2 by 0*9 cm. 

Fifteen Graafian follicles can be counted in the ovary; the largest 
f(>llicle8 are 0*5 and 0*3 cm, but the majority are 0*1 and 0*2 cm. in 
diameter. The largest follicle bulges slightly above the surface of the 
ovary. This follicle has been cut through and it is found to contain 
a clear fluid. 

No corpus luteum is present, but a few remnants of previous 
corpora lutea are seen. 
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(05) Sheep No, 35732.—Date slaughtered, 16th November, 1934; age, 6 years; 
condition, good; weight, 74*0 lb. 

Sexual Biatory, 

2.5.33 to 10.7.33 (70 days): five exibitions ot oestrus. 

11.7.33 to 20.2.34 (225 days): anoestrous period. 

21.2.34 to 24.7.34 (154 days): ten exhibitions of oestrus. 

25.7.34 to 16.11.34 (115 days): anoestrous period. 

Uterus, —Weight, 30*5 gm. 

Left Ovary, —Weight, 0*60 gm.; measurements, 1-4 by 10 by ()*8 cm. 

Eleven Graafian follicles can be counted in the ovary; the largest 
follicle is 0*3 cm. 

No corpus luteiim is present, but five remnants of previous corpora 
lut€*a are seen, occurring as dark brown specks. 

Mtglit Ovary. —Weight, 0*71 gm.; measurements, 1*3 by 1*2 by 0*8 cm. 

Eight Graafian follicles can be counted in the ovary, the largest 
follicle being 0*3 cm. in diameter. The latter lias been cut through 
and it contains a clear fluid. 

No corpus lutenm is present. Six remnants of previous corpora 
lutea are seen and above one of these is a small projection above the 
surface of the ovarj\ On section, the remnant is found to extend 
only 0*075 cm. into the substance of the ovary. 


(60) Sheep No, 35994.—Date slaughtered, 7th December. 1934; age, 6 years; 
condition, very good; weight, 100*0 lb. 

Sexual History, 

3.5.33 to 10.8.33 (100 days): seven exhibitions ol oestrus. 

11.8.33 to 12.2.34 (186 days): anoestrous period. 

13.2.34 to 18.9.34 (218 days): twelve exhibitions of oestrus. 

10.9.34 to 7.12.34 (80 days): anoestrous period. 

Uterus, —Weight, 37*0 gm. 

Left Ovary, —Weight, 0*84 gm.; measurements, 1*4 by 1*3 by 0*8 cm. 

Seven Graafian follicles can be counted on the surface of the 
ovary, but on section, a total of twelve follicles is apparent. The 
largest follicle measures 0*3 cm. in diameter. 

No corpus Inteum is present, but six remnants of previous corpora 
lutea are seen. 

Bight Ovary,-—Weight, 0*89 gm.; measxirements, 1-5 by 1*2 by 0-9 cm. 

One Graafian follicle, measuring 0*6 cm. in diameter, is very 
conspicuous; it projects 0*15 cm. above the surface of the ovary, anil 
delicate blood vessels can be seen transversing its thin outer wall. A 
total of nine follicles can be counted in the ovary. 

No corpus liiteum is present, but four remnants of previous cor¬ 
pora lutea are seen. 


(67) Sheep No, 37058.—Date slaughtered, 4th January, 1935; age. 7 years; 
condition, good; weight, 83*0 lb. 

Sexual History, 

2.5.33 to 3.9.33 (125 days): eight exhibitions of oestrus. 

4.9.33 to 3.1.34 (122 days): anoestrous period. 

4.1.34 to 9.9.34 (249 days): fifteen exhibitions of oestrus. 

10.9.34 to 4.1.35 (117 days): anoestrous period. 

Uterus, —Weight, 56*5 gm. 
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Left Ovary, —^Weight, 0-75 gm.; measurements, 1'5 by 1*06 by 0*8 cm. 

Five Graafian follicles are seen, the largest of which is 0*15 cm. 

A blood-red spot occurs on the surface of the ovary. The section 
of the ovary has been made through this spot, which is found to 
contain a somewhat thick and slightly yellow fluid in a small cavity. 
The sectioned area is marked by the presence of a diffusion of blood 
and numerous small blood vessels can be seen. 

A very dark black spot, measuring 0*1 cm., is seen near the 
above object. The former object when pricked is found to contain 
blood. This is a case of follicular haemorrhage. 

No corpus luteum and no remnants of previous corpora lutea are 
present. 

Migfit Ovary, —Weight, 0*74 gm.; measurements, 1*5 by 1*1 by 0*8 cm. 

Four Graafian follicles can be counted in the ovary, the largest of 
which is 0*4 cm. The largest follicle has been cut through and it 
contains a clear fluid. 

Two dark black spots are seen on the surface of the ovary. On 
section of the ovary, they are found to resemble the black spot found 
in the left ovary; the largest spot measures 0*2 cm. 

A corpus luteum is present; it measures 0*5 by 0*3 cm. When 
sectioned its shape is irregular and its margins are indefinite. The 
cut surface of the body is light yellow in colour. It is apparently a 
corpus luteum I. The remnants of three x>r6vious corpora lutea are 
present. 


(68) Sheep No, 37059.—Date slaughtered, 9th November, 1934; age, 6 years; 
condition, very good; weight 89*0 lb. 


Sexual History, 

1.5.33 to 27.8,33 (119 days): 

28.8.33 to 24.12.33 (119 days): 

25.12.33 to 30.9.;i4 (280'days): 

1.10.34 to 9.11.34 (40 days): 


eight exhibitions of oestrus, 
anoestrous period, 
eleven exhibitions of oestrus, 
anoestrous period. 


Uterus, —AVeight, 51*5 gm. 

Left Ovary, —Weight, 0*99 gm.; measurements, 1*5 by 1*4 by 1*0 cm. 

A large projecting Graafian follicle gives the ovary an abnormal 
shape. This fMlicle is 0*7 cm. in diameter and it projects 0*4 cm. 
above the surface of the ovary. In addition, three follicles, 0*1 cm., 
are present. The large follicle has been cut into; it contains a clear 
fluid and its inner wall is pinkish in colour. 

A corpus luteum is present. It projects 0*5 cm. above the surface 
of the ovary, and its exposed head is 0*1 cm. in diameter. On section 
of the body, it is found to be almost circular in shape with a diameter 
of 0*5 cm. A central depression is present,; the cut surface is skin- 
coloured while the cavity is reddish. Six remnants of jirevious corpora 
lutea are present in the ovary. 


Might Ovary, —^Weight, 0*61 gm.; measurements, 1*4 by 1*0 by 0*8 cm. 

Six small Graaflan follicles, measuring 0*1 cm., are present in 
the ovary. 

No corpus luteum is present, but seven remnants of previous 
corpora lutea are seen. 
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(69) jS/iecj? No, 37061.—Date slaughtered, 4th January, 1934; age, 6 years; 
condition, very good; weight, 1(^-0 lb. 

Sexual tiutm'u. 

4.5.33 to 13.7.33 (71 da^^s): four exhibitions of oestrus. 

14.7.33 to 16.1.34 (187 days): anoestrous period. 

17.1.34 to 18.9.34 (245 days): fifteen exhibitions of oestrus. 

19.9.34 to 4.1.35 (108 days): anoestrous period. 

Uterus. —Weight, 47-0 gm. 

Left Ooary. —Weight, 1*41 gin.; ineasureinents, 1-65 by 1-3 by 1*1 cm. 

Ten (liraafiaii follicles can be counted in the ovary; there aie two 
follicles of 0*4 cm., one of 0*3 cm., and the remainder are 01 cm. 
and less in diameter. On se(*tion of the ovary, tho largest follicle is 
found to he O o cm.; it has a thin wall and tranversing blood vessels 
are seen. 

A corpus luteum is present and it has caused the abnormal shape 
of the ovar 3 \ The corpus luteum forms onij’ a very small prominence 
on the surlaco ol tho ovary. Tho prominence is pinkish-yellow, and 
surrounding it the area is more pink and small blood vessels can bo 
seen. On section, the corpus luteum measures 10 by 0*9 cm.; the 
cut surface is pale pink and a small irregular depression, measuring 
0-2 cm., is present. This is a corpus luteum T. Two remnants of 
previous corpora lutea are present. 

Uif/ht Ovary. —Weight, 0*63 gm.; measurements, 1-2 by 1*15 by 0-7 cm. 

Nine Graafian follicles can be counted in tho ovarj’, tho largest 
IS <1 2 cm. 

No corpus luteum is present, but five remnants of previous cor¬ 
pora lutea are seen. 
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SEX PHYSIOLOGY OP SHEEP. 


APPENDIX 3A. 

EXPERIMENT 4. 

THE EXAMINATION OF THE OVARIES OF INACTIVE 

SHEEP. 

(1) Sheep No. 35(356.—Djite slaughtered, 15th August, 1934; age. 8 years; 

couditioTiy poor; weight, 66-(J lb.; date of lambing, 1st September, 
1933. 

Sexual History.—No exhibition of oestrus was observed during the period 
2nd September, 1933, to 15th August, 1934 or 347 days. 

Left Ovary.—Weight, 0-89 gm.; measurements, 1*8 by 1*2 by 0*7 cm. 

Several Graafian foiliclejs are seen, two of wliich are prominent, 
with diameters of 0*5 cm., and the remainder small, measuring 0*1 
to (J-2 <‘m. The two large follicles have been cut through and they 
contain a clear fluid. 

No corpus luteum is present and no remnants of jirevious copora 
lutea are seen. 

Right Ovary.—Weight, 0*48 gm.; measurements, 1*4 by ()*9 by 0*7 cm. 

Numerous Graafian follicles are seen on the surface of the ovary, 
the three largest are 0*2 cm. in diameter. 

No corpus luteum is present and no remnants of previous copora 
lut(*.a are seen. 

(2) Sheep No. 35706.—Date slaughtered, 22nd June, 1934; ago, 6 years; 

condition, good; weight, 75*0 )b. 

Sexual History.—No exhibition of oestrus was observed during the period 
13th September, 1933, to 22nd June, 1934, or 352 days. 

Left Ovary.—Weight, 0 55 gm.; measurements, 1*5 hy 1*0 hy 0*7 cm. 

One prominent Graafian follicle measuring 0*4 cm. in diameter is 
present; the follicle projects 0*2 cm. above the surface of the ovary. 
A sexjond follicle of 0*2 cm. is seen in close proximitv to the large 
follicle. 

No corpus luteum is present. The remnants of several previous 
corpora lutea are seen occurring as dark specks. 

Right Ovary.—Weight, 0*97 gm.; meahuroments, 1*7 by 1*0 hy 0*9 cm. 
Only one small Graafian follicle of 0*1 cm. is seen. 

A cone shaped corpus luteum, red in colour and measuring 1*0 by 
0*9 cm. is present. It is a corpus luteum (1). Several remnants of 
lirevious corpora Ijiitea are seen. 

(3) Sheep No. 35731.—^Date slaughtered, 22nd June, 1934; age, 6 years; 

condition, fair; weight, 66*6 lb. 

Sexual History.—No exhibition of oestrus was observed during the period 
loth September, 1933, to 22nd June, 1934, or 356 days. 

Left Ovary.—^Weight, 0*56 gm.; measurements, 1*6 by 1*0 by 0*7 cm. 

Two Graafian follicles are seen, the larger is 0*3 cm. in diameter. 

No corpus luteum is present, but the remnants of several previous 
corpora lutea are seen. 

Right Ovary.—Weight, 0*60 gm.; measurements, 1*2 by 1*2 by 0*7 cm. 
Two Graafian follicles are seen, the larger of which is 0-15 cm. 

No corpus luteum is present, but several remnants of previous 
corpora lutea are seen occurring as dark specks. 
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-The records of Group Ill have been extraetod from Experiment 1. Appendix 1, Table XIV. 


















LUCIEN L. ROUX 


fi 

P 

O 

P 


P 

w 

w 

H 

CO 


H 

w 0 


o 

M 


0 

.9 

'C 

0^ 


9 ^ 

« i 

-tl '/J 


X 

crf H ., -. 

g a H 

Ph 0 

M 3 


X 

P 

P 

W 

-d 

H 


^;b 


pfl 

i>D.[S 

‘53 ^ 


St 




s 


10 O >« O W5 © © 1« 

'H©©01©|>«5p-4 

©a©QI0©h>©© 


•0 © »0 10 © © >0 © 


©©»0»0©©I0©©© 


O O «0 lO 10 10 lO © 10 10 


© © © © C © 10 10 10 © 

^'Mt^cor^xio®©© 

-i- »0 lO © © Tti © 10 10 


i 1010 © © © © 1010 © 

fSSi?l?§SS?g 


© 10 © © © © © »0 © 10 

© 10 01 01 oq © w 10 -H 

O 10 © © © © rt* « 10 © 


© 10 10 10 10 © © © 10 © 


^©©©Ffasrhwoo© 


© © ©10 © © 10 © © © 
X © © W © X I> F-o> ® 


©©X©©©©©©© 


. s 

H g 

H ‘p 

9) 

ca V 




©©©©©o ©©©© 

4'fH w M © (N © 4 

!>• 10 l> © © © © © © 


©©©©©©©©©10 


©©©©©©©©©© 


© ©10 ©10 ©10 © © © 


a '+©©©© © 10 © © 


©99© ©©©©10© 
XFH©©xwoqwoa 
© © © © « © © 


©©©©© 10 ©©©© 


© © 9 1.0 9 9 © © © © 
©©©"tOl.HWF^-fJlffl 
^CO'^iO't’i*©'^©'^ 


© © ©10 © © © © © © 


©©©1091099©© 

xxxxxx©t^x© 


H 


©©©©©©©©©© 


h.oj,-ipH^©©a®© 
TJ! © © o © © © tF « 
WMWW^'frH-^'t© 

xxxxxxxxxx 
w w« w w«cn w« w 


703 
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SKX PHYSIOLOGY OF SHEEP. 


Table III. 


Api>eni)ix 5. 


Expeuiment G. 


Group III .—(Border Leicester-Merino Crosahreds, 1934). 


Shoep No. 

Date of 
births. 

Weight at 
birth. 

Weights at: 

3 months. 

6 mon hs. 

9 months. 

12 months. 



lb. 

lb. 

lb. 

lb. 

lb. 

41241. 

9.9.34 

10 0 

51 0 

58-5 

55 0 

44-5 

41247. 

11.9.34 

7-5 

38-5 

44 0 

45 5 

44 0 

41255. 

12.9.34 

9 0 

40-5 

54 0 

50 0 

47-5 

41258. 

13.9.34 

70 

35 0 

54 0 

54-0 

53-5 

41259. 

5.9.34 

9-5 

50 0 

64 4) 

70 0 

68 0 

41304. 

20.9.34 

10 0 

40-5 

55 0 

.55-5 

57 0 

41316. 

7.9.34 

9-5 

39 0 

54-0 

50-5 

49-5 

41329. 

9.9.34 ; 

10 0 

40 0 

51 0 

49 0 

52-5 

41337. 

28.9.34 

9-5 

42 0 

60-5 

64 0 

61-5 

41362. 

8.9..34 

90 

27-5 

45-5 

45-5 

48-5 

Totals. 


91 0 

404 0 


539 0 

527 0 

Avorages. 


91 

40-4 

54*2 j 

53-9 

52*7 


Table IV. 

Group IV. —(Merinos, 1934). 


41275. 

16.9.34 

9-5 

.35 5 

39-5 

.37 0 

34 0 

41276. 

17,9.34 

8-5 

.32 5 

35-5 

41 *5 

46 0 

41295. 

19.9!34 

10-5 

.32 0 

37 0 

35-5 

.37 0 

41311. 

22.9.34 

75 

36 0 

.37-5 

41 0 

.33 0 

41383. 

6.10.34 

10-5 

36 0 

48 0 

49-0 

60-6 

41349... 

1.10,34 

90 

34 0 

44-5 

45 0 

41 0 

41.394. 

10.10.34 

100 

28-5 

41 0 

47-5 

50 0 

41605. 

11.10.34 

8-5 

33 5 

41-5 

44-5 

45-5 

41614. 

I2.10..34 

9-5 

.34 0 

46 0 

67-5 

62-5 

41616. 

12.10.34 

90 

36-5 

41 -5 

50-5 

54 0 

Totals. 


92-5 

.3.38'5 

412 0 

449 0 

435-5 

Averages. 


9 2 

.33 8 

41-2 

44 9 

45-4 
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APPENDIX 6. 

EXPEKIMKXT 7. 

TABLES I-VllI.—WEIGHTS GE SHEEP IX POUXUS. 
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WEIGHTS OF SHEEP IX POHXDS—( cant in ued). 
Tabi.e V. 

A^I'Pexuix 0 . Grrttnp T’. Expehimext 


MTCIEN L. mv: 



Totals. I 412 O 1 444 5 442 O 482 5 1 510-5 548 0 I 585-5 015 5 567- 
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SKX PHYSIOLOGY OP SHEEP 



LUCIEN L. BOtrX. 


APPENDIX 7A. 

EXPERIMENT 8. 

MACROSCOPIC EXAMINATION OF THE OVARIES OF 
INACTIVE SHEEP. 

(1) Sheep No, 35645.—Date slauglitored, 15th August, 1934j age, 6 years; 

condition, fair; weiglit, 81*0 lb. 

Sexual History.—No exhibition of oestrus was observed during the testing 
period, ]3th October, 1933, to 5th October, 1931. 

Left Ovary.—Weight, ()-55 gm.; ineasureinonts, 1*5 by 0-9 by 0-7 cm. 

Only two small Graafian follicles with diameters of 0-1 and 0-2 cm. 
are seen near the surface of the ovary. 

No corpus luteuin is present hut some remnants of previous corpora 
lutea are seen. 

Right Ovary,— Weight, 0 81.; measurements, 1*6 by 1*1 by 0-9 cm. 

One large Graafian follicle with a diameter of 0*5 cm, is seen on 
a pole oi the ovarv, while numerous smallei* follicles are present. 

No corpus luteum is present but many remnants of previous corpora 
lutea are seen. 

(2) Sheep No. 35965.—Date slaughtered, 22nd June, 1934; age, 6 years; 

condition, lair; weight. 75*0 lb. 

Sexual History.—No exhibition of oestrus was obsc‘rved during the period 
of testing, 13th October, 1933, to 22nd June, 1934. 

Left Ovary.—Weight, ()*66 gm.; measurements, 1*3 by 1*0 by 0*6 cm. 

Numerous small Graafian follicles are seen, the largest of wdiich is 
0*3 cm. in diameter. 

A cone shaped corpus luteum measuring 0 9 by 0*7 cm. is present. 
The corpus has been swtioned and it is found to have a cavity 0*3 cm. 
in diameter. The remnants ol previous corpora lut<’a occur as dark 
brown specks. 

Right Ovary.—Weight, 0 61 gm.; measurements, 1-3 by 1() by 0-6 cm. 

I’hree Graafian loll ides varying in size from 9*4 to 0*1 cm. are 
seen. 

A coi'inis luteuin in the form of a complete circular ball 9-6 cm. in 
diameter is found attached to and entirely outside tlu» ovary. 
Externally the colour of the body is cream and on .section the colour 
of the cut surfaces is somewhat lighter. This is apparently a corpus 
luteum of the iirevious interovulation period somew'hat abnormally 
situated. 
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Researches into Sterility of Cows in South 

Africa. 

The Influence of: (i) Dry Rations, (ii) Lack 
of Exercise, and (iii) Lack of Sunlight on 
Reproduction in Beef Heifers and Cows. 


By JOHN uiid LUCIKX L. BUTJX, Section of Suif>ery, 

(.Tvnaecolojry jnid IJadiolo^y, Onderstepoort. 


ly a ])revious ]ml)lica1 ion, (juitilaii (1929) published a rejiori of his 
researches into sterility of (’ows in South Africa^ Thai rei)ori covered 
iiiv(*siij>ations into the local pathological genital causes of sterility 
as o})^erv(‘d under tlie environmental conditions prevailing* in South 
Africa. The liistoloj^ical anatomy of the diseased genital organs of a 
number of ('ows was studied after the clinical pathology had been 
examined periodically over a period of months. The thera])eutic 
m(*asures ado|)ted to overcome imtholof>ical genital lesions were 
described. An attempt was made t(» ascertain whether there were 
concurrent ductless glands and genital |)alhology in i)ermanently 
.sleiile cous by making a maci‘osco])ic and histological study of the 
li\ p(»])hysis, epiphysis, thymus, thyroid, and adrenal glands. 

Since the ])ublicatiou of the above-mentioned work, observations 
have been made on certain factors which are popularly associated 
with the aetiology of low fertility in cattle. The object of some of 
these observations was to ascertain the effects of (‘ontinuous dry 
rations on rejiroductioji in beef cattle, when fed in such (|uantities 
as to ju-odm^e condition better than that usually associated with the 
ideal for normal genital physiology. 

Since t!)e expeiimental issue could be broadened by lestriction 
ol exercise and restriction of exposure to the sun's rays, the influence 
or inactivity and darkened stalls on reproduction was studied 
concurrently. 

The close relationshii) between nutrition and normal functioning 
of the genitalia of cattle has been indicated by the foremost 
authorities on genital ])athology. The im]»ortance" of a correctly 
balanced ration, containing a sufficiency of vitamins A, IH, C, D, and 
E, to maintain ])hysical and genital fitness is emphasised if the 
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highest fertility is to be attained: Williams (1921, ’32), Richter 
(1926), Wester (1921), Zschokke (1900), Oppermann (1922), 
Albrechtsen (1917), Nielsen (1926), Hammoiul (1927, ’33), Stalfors 
(1930), Korenehevsky (1933), et al. In fact, all workers who have 
discussed the causation of low fertility in a general way have stressed 
the probability of constitutional aetiology due to errors in diet. 

The association of unsuitable environmental conditions outside 
the nutritional aspect has long been known to be inconijiatible with 
the highest fertility. Hammond (1933) points out that lark of 
exercise and dry rations are not conducive to regular breeding. He 
also indicates that, by analogy with experiments done on ferrets, the 
ripening of the ovum is delayed by the shortening hours of daylight, 
just as fowls lay fewer eggs in autumn unless they are lighted and 
fed high protein foods with salts. Inhygienic housing, obesity, 
malnutrition, lack of exercise, feeding for forced milk production, 
and controlled breeding with the object of prolonging lactation, are 
factors which must be (jonsidered artificial and which tend to cause 
a deviation from normal physiological genital activity. Similarly 
loo, early breeding, and careless management during calfhood have 
been inculpated as aetiological factors. Williams (1932) stresses 
the detrimental influence on the subseciuent breeding records of 
heifers bred too young. Withycomhe, Rotter and Edwanls (1930) 
have shown that calving at the age of two years reduced the 
percentage of calves produced by the same cows at the ages of three 
and four, but not at the ages of five and six. There is no (questioning 
the detrimental influence of vitamin deficiencies in diet on the gonads : 
Korenehevsky (1933), Sampson, Dennison, and Korenehevsky (1932), 
Sampson and Korenehevsky (1932), Siperstein (1921). Roux (1936) 
has shown that when sheep are maintained on low-level rations for 
extended periods of time, follicular development is inhibited and 
the number of follicles present in the ovaries is greatly reduced. 

An immense literature has been published on this aspect in 
laboratory animals within regent years. This is, however, outside 
the scope of this paper and will not he reviewed in detail. 

Genetic tendency to difficult breeding in association witli any of 
the above factors apjiears to exaggerate the difficulty. 

It is realised that unsuitable food or lack of food, unsuitable 
conditions of hygienic enviroment, and sex hygiene will detri¬ 
mentally influence the physical well-being of qattle so that general 
constitutional causes'^’ill favour local genital infection. 

The present article is not concerned with this aspect of 
infertility. Local genital causes, the result of infections following 
on lowered vitality, have been previously dealt with (Quinlan, 1929). 
The object of the present work is to record the behaviour of the 
genital tract of beef heifers and cows, when placed in an environment 
enforcing some factors which are popularly associated with low 
fertility: The factors considered are lack of sunlight, lack of 
exercise, dry rations, and high condition. 

Usually insufficiency of light and exercise are associated with 
unhealthy stabling and general bad management, but in this experi¬ 
ment these associated hygienic factors can be ruled out. 
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The precise causes of rej)rodu(*tive failure in many cases of so- 
called functional sterility or infertility are obscure. Pew references 
can be found in the literature on sieriliiy of cattle to indicate that 
there are any exj^erimental data on the influence of lack of exercise, 
lack of sunlight, and lack of green food on cattle. The object of 
the }»resent experijnent was to try and assemble dat^ on these points. 

It appears to be true that any factor which causes a deviation 
from ideal breeding condition or w’hat is visualised as ideal breeding 
condition, will tend to lessen the bovine birth-rate. It is highly 
probable, however, in view of the results which will be discussed in 
this pa])er, tliai some secondary concurrent factors are necessary to 
(‘uuse that deviation in sex-physiology wdiich produces difficult 
breeding in cattle fed on dry rations ami showing obesity, or those 
which are housed under conditions enforcing restriction of exercise 
and sunlight. 

The immediate causes of erratic behaviour of the genital tract 
a])i)ear to lie in the functioning of the internal >ecretory glands, most 
probably the ovary and the pituitary [J^arkes (-ole and Miller 

(i9*id), Pairlie (19^5), Zavadovskii, Wunder, Padnceva, and 
MJiigvelasvili (IDdo), Cole and Miller (19do), el al]. 

Prom observations made on the ductless glands of cattle by 
(iuinlan (I91J9), there w'onld n])pear to be no constant histological 
change in these glands in cases of so-culled fiim^tional sterility. The 
change ajijiears to he in function not in structure. Purther, it 
a])peurs that return to normal can take place quickly wdien ideal 
conditions are restored. 

Parkes (I9dd) states that the absence of auti])ituitary bormone 
catises the ovary to degenerate so far as a]>i)reciable follicles are 
concerned, but even in long standing byi)oj)hysectoniies normal 
primordial ova, suriounded by one or more layers of follicular 
epithelium, are still found. This indicates that the ovary requires 
only the necessary stimulation to awaken normal function. Cole and 
Miller (]9.‘W) and Zavadovskii, el aL (1935), have shown that normal 
oestrus and ovulation can he piodneed in sheep by injections of the 
gonad stimulating hormone duiing aiioestriim. However, the more 
recent work of Cole and Miller (1935) upon slieep during anoestruin, 
with oestrin and gonadotropic hormone indicates that, while the 
former is effective in ])roducing oestrus and while ovulation is in¬ 
duced by the latter hormone, the simultaneous administration of the 
two hormones does not result in a combination of effects. Hill and 
Parkes (1931) (1933) have shown Ibal the ovary may remain normal 
during eufor(*ed (|uiesen(*e in hypoi>hysectoniised ralibits. Quin 
(1935) injected eight sheep in a state of anaplirodisia, which had not 
sliowui oestrus for 12 months, with oestrin from stallion’s urine and 
obtained 50 per cent, fertility from mating during the oestrus 
following injection. 

These data show^ that, although there may be a ])rolonged ovarian 
quiescence, or absence of the ]>sycho]ogical phenomena associated 
with oestrus, the ovary needs only the necessary stimulation to 
resume normal physiological activity. It appears, how^ever, that at 
least in some cases of prolonged quiescence in cattle, in other wwds 

721 



BESEARCHES INTO STERILITY OF COWS IN I^OUTH AFRICA. 

delayed breeding*, either from withholding service or from the absence 
of normal oestrus, there is a tendency to difficult breeding. Quinlan 
(1929) has seen degenerative atrophy of the uterine mucosa in pure¬ 
bred imported heifers of the beef breeds, which were retained for 
some years as virus-reservoirs for red-water and gallsickness vaccine. 
Some of the cows actually failed io breed when eventually mated, 
while others conceived bul aborted during the early w'eeks of 
pregnancy. 

Forced milk-j)rodu(*tion under the environmenlal conditions and 
the usual methods of nutrition adopted to obtain high milk-yields, 
act upon the oestrogenic Jiiechanism. The demand made upon the 
animal system is, in many cases, reflected on the genital tract. Very 
heavy milking cows may not j^how* the psychological symidoms of 
oestrus. This has been shown in the case of the rabl)it by Hammond 
(1930). 

In South Africa, where the nutritional and geneial environ¬ 
mental conditions are inadequate to allow high inherited milk-yields 
from finding full expression, these genetical potentialities constitute 
limiting factors in regular breeding. 

The question of functional sterility of dietetic origin is of more 
than ordinary interest in South Africa, where in certain k)(*alitie'* 
the veld grazing is definitely deficient in phosphates and for I lie 
greater part of the year there is jirotein deficiency in addition. In 
those areas the bovine birth rate is abnormally low. h’roin observa 
tions made at the Veterinary llesearch Station at Armoedsviakte, 
Vryburg, it has been seen that failure to breed is due to failure to 
conceive during what apjiears to be normal oestrum and also to 
tem])orary ana])hrodisia which may extend over a period of month'^ 
(Bisschop, 1935). 

In experimental observations at Onderstepoort, in which the 
mineral content of the ration was carefully measured and was 
definitely sub-o])timum, and in further exiieriinents made on a herd 
running on Armoedsviakte veld, it has been shown that there is a low 
bovine birth rate and tliJit abnormal calves showing weakness and 
congenital amaurosis are born |Theiler, Green, and du Toit (1927); 
du Toit and Bisschop (1929); du Toit and Malan (1934; Theiler 
(1933) I; Bekker (1932) showed the detrimental influence of phos¬ 
phorus deficiency on reproduction in ewes grazing on Armoedsviakte 
veld. The addition of bone meal to the diet improved fertility. Rouv 
(1936) has shown that the liberal feeding of bone meal, as o|)]iosed 
to its absence, ensures greater sexual activity in sheep, altliougli 
individual differences are not entirely eliminated; the duration of 
the sexual season is prolonged by an increased number of dioestrous 
cycles being experienced, and by the number of dioestrous cycles of 
abnormal duration being reduced. 

Greatest sexual activity was obtained by supplementing the 
natural pasture with green grazing and a mineral lick throughout the 
year. Individual differences are considerably lessened by such treat¬ 
ment. 
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Whetliain (1933) has drawn aitention to the influence of the 
duration of lij^ht on eg-j? pioduction in the fowl. Hammond (1933) 
says, II is supposed that light stimulates the anterior-pituitary by 
way of the eye and that in autumn, with decreasing daylight, fowls 
with a genetically low level of anterior-pituitary will fall below the 
(uitical level for egg production and so sterility from this cause will 
result. It is cluring the autumn and wunter months that the low' 
producing strains cease laying. In some animals very mucdi the 
same sort of thin occurs: Ferrets, which do not normally ripen ova 
dining the autumn and Avinter months, may be made to do so by 
giving them electric* light after dark (Bissonette, 1932). We can 
assume, therefore, that the genetic* c-onstitution of the ferret is such 
that its pituitary ac*<ivity is dependent upon light stimulation 
Hill and Parkes (1934) have c*onfirmed the effect of illuminaticm w ith 
clec*tric* light in ])roducing oestrus in the female ferret. 

nammond (1933) further suggests that it is probably the change 
in the light ration, not the ac*tual amount, whic‘Ii is the cause of 
pituitary stimulation, as most brcMuls of sheep in Kngland ripen ova 
w'ith dec'lining sunlight in September and cease w'ith incTeasing 
dayliglit in February. 

This suggestion of Hammond Avould a]>i)ear to show' that if 
light, as a siimulating fac*ior to the anterior pituitary, is sufficient 
an increase of tJie intensity ot light will not influenc*e it further. 
'Ihis is borne out by our observations on the ovarian activity of sheep 
on the high veld in this (*ountry. In November and 1)ec*einber, 
during the warmest and longest clays of the South African summer, 
ovarian a<*tivity in sliee]) is at its low’est. Further, the veld nutri¬ 
tion is usually at its best at this time. 

Marshall (1932) indi(*ates that the response of different animals 
to light must vary greatly, as some animals have no restricted 
bleeding period even in tem])erate jsones. Llew’ellyn (1932), ciuoting 
Cook (1894), states that in North (xreenland evidence of sexual 
j)eriodic*ity exists in the Fskimos. At the onscd of wdnter, sexual 
desire fails and menstruation during the Avinter months is absent. 
Sexual activity again reawakes in the s])riiig. LleAA'ellyn indiciates 
that the hiatus in the sexual cycle is due to absence of sunlight, 
that light and heat rays seem essential tor the maintenance of the 
sexual cycle. He suggests that this is a s])pc*ies of hibernation 
localized to the hypophyso-gonadal system. Thc^ suggestion that it is 
a rare peculiarity is denied by (^ook, since he states that their oAVii 
])arty suffered from muscular debility in a similar manner to the 
Eskimos. 

Hogan (1932) made ohserA’ations on the influence' of direct sun¬ 
light on sw'ine as compared with sAviue ke])t in indoor quarters. 
He come to the conclusion that there Avas no imprcAA'ement in those 
Avhich had ac*cess to sunlight. 

The importanc*e of light on the jiroductive activity of c*eriain 
voles and ferrets has been indicated by Baker and Hanson (1932) and 
Bissoniiette (1931). According to Whetham (1933) the mamma¬ 
lian female responds more completely than the male, the female fails 
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to respond on a reduced supply of light, while the male appears to 
be unaffected and similarly with an increased light supply it is the 
female which responds more completely 

Marshall and Bowden (1934) have indicated that light radiations 
of particular wave-lengths and sufficient intensity are an efficient 
cause of reproductive activity, but that the recurrence of the oestrous 
cycle is conditioned by other factors which, in the absence of 
variation in the daily duration of light, may play an iinj^ortant role. 

Row’an (1925, 1929) maintains that it is muscular exercise rather 
than light that caused change in the gonads of birds, but Bissonnett^ 
(1931) showed that exercise was not essential. Stalfors (1930) indi¬ 
cates the necessity for open air for high production as well as a 
supply of vitamins A, B, C, and D for cattle. 


The above literature is confined mostly to fowls and laboratory 
animals. There are no experimental data on the influence of light 
and exercise on the reproductive activity of cattle, horses, sheep, 
pigs, and dogs. It has been mentioned that lack of exercise, lack 
of sunlight, and lack of green feed have been associated with low 
fertility in cattle, but such conclusions have been based on circum¬ 
stantial evidence without experimental proof. 


Much work has been done on the influence of diet on fertility 
in laboratory animals [ Hart, Steenbock, Humphrey, and MeCallum 
1911); Reynolds and Macomber (1920, 1921, 1924); Benedict 
(1911); Sure (192G); Sinnuonds, Becker, and MeCallum (1927); 
Evans (1923); Evans and Bishof (1922); Evans and Burr (1927); 
Macomber (1927)]. It appears that, on a diet insufficient in calcium 
conception (!an take place, but the embryev dies early and is almrted. 
Moench (1931) says that, wdth the prewsent-day diet in humans, 
sterility in women is unlikely to occur from that cause. He states 
that; Diat und ihr Einfluss auf die Fruchtbarkeit zu eng begrenzt 
ist und dass wir anstatt nifr von Diiit lieber von dem allgemeinen 
Qesundheidszustande und seinem Bezug auf die Fertilitat sprechen 
sollten. Ich halte deii allgemeinen Gesundheitszustand in dieser 
Beziehung flir ausserst witditig und werde ich spater bei dem Thema 
der Spermuntersuchung wieder darauf zuruckkommen. Ijeider wird 
aber oft gerades das Thema des allgemeinen Gesundheitszustandes 
recht stieimtitterlich beliandelt und abgetan. Anstatt der Diat halte 
ish die koperliche Betiitigung, die physiche arbeit die das Tudividuum 
leistet, fur ausserst wichtig und glaube dass gentigende Koj)erliche 
Bewegung eiii sine qua non bester Oesundheit und damit auch guter 
Fertilititt ist. Von der Diat braucht man, glaube ich, nur zu ver- 
langen, dass sie aiisreichend ist und dass sie keine wichtigen Insuffi- 
zienzen aufweist, die eine Avitamitose hervorrufen wmredn 


It will be seen that Moench stresses the necessity for exercise or 
physical work. He points out that, provided the diet is sufficient, 
work and» exercise are more important factors in attaining the best 
health for normal sexual activity. In the case of obese women, he 
stresses the point that infertility is caused by too much food in 
relation to exercise. Obesity results in diminished circulation, oxi¬ 
dation, lessened blood to the ovary, and consequent subnormal 
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ovarian activity. In these observations he iwS supported by Lahin 
(192T). Woodward (1920) has shown that the length of life of the 
bovine sperm can be raised by exercising the bull. This probably 
indicates greater chances of fertility under ordinary conditions of 
mating: that is where the sperm is not dejwsited in the vagina at 
the most favourable time for conception. Highly vital, long-lived 
sperm would probably survive longer in the genital Iract of the 
female than less vital sperms I Quinlan* Mare, and Roux (1932, 
1933)1. 

(luggisberg (y) indicated that the main object in a diet should 
be sufficiency in vitamin (oiitent, especially B, C, and E. In this 
connection, Moenclj states; “ Dein hann ich aus eigener Erfabrujig 
zustimmen. Es ist jedoch schwer, didaklische Regeln uber Ditit 
und Eertililiit aufzustellen—vieles isl iioch gar niclit geklart und 
bei manclieii Fragen kommt man schliessli(*li wieder in das Gobiet 
des inneren Bruseiisystems zuriick " 

The importance of dietetic errors and lack of exercise in 
infertility has been iruli(;ated by Orr and Fraser-Uarling (1932). 
They asso(;iate lliese errois with unnaiural and niibygienic environ¬ 
ment and suggest that these factors may influence the normal 
physiology of the genitalia through the endocrine system and at the 
same time effect a reduction in the natural resistence to genital 
infection. These <‘onclusions are arrived at after a critical review 
of the literature on the subject of sterility and infertility by a 
Committee of the Department of Agriculture of Scotland, comprising 
Mr. William Orr, M.R.C.V.S. and Dr. Fraser-Darling. The work 
contains an excellent bibliography on the subjects of physiological 
and geuetical etiology of sterility in domestici animals by Miss K. V. 
Cytovicb. Meigs and Converse (1933) have ke})t cow^s on grain and 
dry rations without pasture. They observed that, when the ration 
contained a liberal allowance of alfalfa bay of high feeding quality, 
the cows maintained their health and reproductive capacity up to 
more than seven years. When the roughage consisted of Timothy 
hay of bad quality, there was a definite lowering of the normal 
standard of health and the reproductive capacity of the cow\s was 
seriously interfered with. There was difficulty in concexition and a 
marked tendency to thnnv off premat me (*silves which w^ere either 
dead, weak, or blind. 

Hart, Steenlnick and Humphrey (1920) observed that cows fed 
on a ration <»f grain and straws calved prematurely or threw dead or 
weak calves. This observation w^as confirmed by Huffman (1928) 
and Reed and Huffman (1925). The latter authors and Jones, Eckles 
and Palmer (192G) drew^ attention to the quality of Timothy hay as a 
highly important factor in genital functional activity of cattle. 
Copeland (1932) recorded a detrimental effect on reproduction in 
heifers fed on cotton seed hulls, as a sole dry roughage, w’hen they 
were allow’ed to pasture for only six months in the year. Roux (1936) 
has observed marked sexual inactivity in sheep maintained on a 
carlK)naceous roughage (teff hay) and a lick of bone meal and salt. 

Hart and Guilbert (1928) and Webster (1935) have indicated 
the possible effects of phosphorus deficiency in cows under range 
conditions. The adverse influence of phosphate deficiency on 
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reproduction in range cattle and sheep in South Africa has been 
shown by Theiler, Green, and du Toit (1927), Theiler (1933), and 
Bekker (1932). 

Eckles, et aU (1935) showed that low phosphorus levels result in 
an upset of genital physiology, both in the oestrous cycle and 
reproduction in rats. They state that uncomplicated phosphorus 
deficiency did not influence the oestrous cycles of cattle. Oestrus 
was legular and not different from contiol animals of a like age. 
However, ihe breeding efficiency appeared to be reduced. They 
suggest that anaphrodisia is due to complicated deficiencies. They 
also state that a low phosphorus ration renders cows more susceptible 
to contagious aloriion than those maintained on a normal diet. 

Since there is also a protein deficiency during the greater part 
of the year on the range where these experiments were (onducted, 
both factors must be considered in the etiology. Guilbert and Goss 
(1932) have indicated that protein levels of 3^ to 5 per cent, result 
in cessation of oestrus and long intervals between oestrus in the rat: 
further the rats failed to breed when mated. 

Evans and Bisshop (1922) showed that protein deficiency 
decreases the percentage of normal oestrous cycles as well as the 
total number of cycles and that vitamin A deficiency greatly disturbs 
ovulation rhythm by prolonging the stage of cornified vaginal cells. 

Cunningham and Hobkirk (1935) have inducted sterility in male 
rats fed on diets of excessively high protein-content (65-82 per cent.), 
and also by feeding diets containing 15 to 18 per cent, protein. In 
the latter case a large part of the protein was derived from maize or 
maize and gelatine. All dietary constituents hitherto known to be 
essential for male fertility were included in the diets. 

Eoux (1936), working with ewes^ obtained results indicating that 
the inclusion of a protein rich*concentrate, cotton seed meal, in a low’ 
level carbonaceous ration and the exclusion of Ixme meal, causes a 
marked reduction of sexual activity, especially after eighteen months 
of treatment. The inclusion of the same protein rich (concentrate 
in high level rations consisting of the same feeds, does not have this 
inhibiting effect. 

Halverson and Sherwood (1930) showed that the feeding of cotton 
seed meal to cattle was associated with reproductive difficulties. 
Calves were Iwrn wreak, and eye lesions w^ere sometimes present. 
Hart, Guilbert and Goss (1932) have associated reproduction 
difficulties with lack of green food; at least the difficulty disappeared 
wheji green food became available. Infectious abortion w^as, how’ever, 
present, but the authors concluded that there w^ere data sufficient 
to lead them to suspect that feed deficiencies were the cause. Hart, 
Steenbock, Humphrey, and Hulce (1924) have showm the value of 
vitamin A, and calcium in obtaining normal reproduction in cattle. 
Fitch et aL (1932) showed that uncomplicated calcium deficiency^ did 
not lessen the breeding efficiency of a group of seven cows maintained 
on a calcium deficient ration for three years. Hogan (1932) indicates 
that rations for brood sows should contain not less than 0*4 per 
cent, of calcium. 
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Malan (1935) concludes from the results of his observations at 
Onderstei>oort Laboratory that vitamin A deficiency in the ration of 
pregnant ewes and cows produces abortions or weakly young that 
are often blind and unable to rise. He observed, further, that the 
absence of this vitamin in the diet is in some ways associated with 
the absence of the 2)sychologica] sjanptoms of oestrus. Jloth ewes 
and cows on dry rations containing a mini mum of vitamin A show 
oestrus only very infrequently and evtm then, if mated wiM become 
liregnant only in a very small percentage of cases. 

Lack of minerals such as jihosphorus, the deficiency of which in 
the diet will produce cljnical symptoms, has lead almost invariably 
in the Oiiderstepoort experiments on mineral metalKilism to temiiorary 
infertility. 


HxriilllMKNrAL ilHSKilV.Vno.Ns. 

The experiment w’as commenced on June 20th, 1929, when 27 
grade Sussex-Afrikander heifers approximately fifteen months old 
were received at the Veterinary Iteseaich JjalMiratory and Experiment 
Station, Erinelo, Transvaal. The heifers were purchased from a 
private ranch in the western Transvaal; they w'ere considered w'ell 
grown and comparatively even with respect to type (Appendix, 
Figs. 1-18). Soon after tlieir arrival at the Exjieriment Station 
they w'ore divided at random into three groups, A, B, and C, and 
branded. 

One heifer died two mouths after the (tommencement of the 
exiieriment. During the fiist six months, five heifers were found 
to be pregnant and they w^ere withdrawn from the experiment; four 
of them were redrafted into the exyieriment about a year later. 

A jiurchased Sussex bull was used in the experiment (Appendix 
I, Fig.19). The bull was bred by the School of Agriculture, 
Potchefstroom, Transvaal; it w'as two years old when transferred to 
the Ermelo Experiment Sation, and the serving of the heifers was 
commenced one month after his ariival, 17.10.30. 

During the first month at the Experiment Station, the heifers 
were tested for tuberculosis, contagious abortion, and vaccinated 
against anthrax and quarter evil. Subsequently they have been 
retested for contagious abortion, and they have been tested annually 
for tuberculosis. The results of all tests were negative. The bull 
was tested annually for tuberculosis and contagious abortion; the 
results of the tests were negative. The bull was healthy and vigorous 
throughout the period of the experiment. 

1. Groupa restricted in light and e,rercisc: A and B. 

Stabling .—Groups A and B were housed in a wood-and-iroH 
stable, 46x23 feet, with a cubic capacity of 8217 cubic feet. The 
si able was fitted with a double row of suitable mangers and hay racks, 
the heifers being faistened to the former by means of neck-halters and 
halter-chains. The two doors of the stable, each 4x6 feet 9 inches, 
opened to the east and to the west. The ventilation of the stable 
could he considered fair. Every endeavour was made to exclude 
light from the stable. Groups A and B can, therefore, be considered 
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to have been housed in a dark stable and, but for the daily two 
watering periods of about tiventy minutes each, these groups were 
confined to their stable day and night. 

2. Group not restricted in light and e.rercisc: C. 

Group C was kept in a similar type of stable to that occupied by 
groups A and B. The dimensions of the stable were 46 x 15^ feet 
and cubic capacity 6328 cubic feet. It piovided for a single row of 
cattle, the length ran from north to south, and a single 4x6 feet 
9 inches door oj^ened to the east. The ventilation of this stable was 
as good as, if not slightly better than, that occupied by the other 
two groups. The heifers in group (' were fastened in a similar way 
to those in the other stable and they had similar mangers and hay 
racks. 

In both stables each animal had a feeding si)ace of 4i feet. 
The floors of the stables w^ere of flat stone. A native was in constant 
attendance keeping the floors clean and grooming the cattle; the 
latter were bedded down at night on the refuse of their roughage. 

Managewent .—The feeding of the three groups was identical: 
the cattle were stall-fed, no green feed was given, and they were not 
put out on grazing. 

At the commencement of the experiment the rations fed per 
capita per diem Mere: — 

Crushed yellow maize: 4 lb. 

Wheaten bran ; 1 lb. 

Teff hay: ad lib. (about 15 lb.). 

As the heifers matured, the bran portion of the ration w^as in¬ 
creased to 2 lb. (per capita per diem) and the teff hay ration to 
25-30 lb. 

During three Munter months, June, July, and August, maize 
silage was fed at the rate of •! 0-15 lb. i)er capita per diem and the 
hay ration was reduced. 

The concentrate ration was fed dry, the ration of each cow being 
measured and fed in two equal portions daily. When silage was fed, 
the concentrate ration was mixed wuth the silage. 

No minerals or mineral mixtures w^ere fed to the animals during 
the course of the experiment. 

The teff hay was*fed in the hay racks twice daily. 

Groups A and B received all their feed in the^ stable; Group C 
received the two concentrate rations and the evening hay ration in 
the stable, and the morning hay ration in an exercise yard 50 by 
68 ft., in which this group was kept from 8.30 a.m. to 4.30 p.m. 
daily. 

The folldwing analyses of feeds used in the experiments have been 
extracted from the analyses given by Vipond (1914). The maize, 
ensilage and teff' hay were analysed at Onderstepoort by S. J. 
MybuTgh [S.Afr,(M.)]. In the case of the South African analyses of 
feeds, only the total percentages of feed constituents are given, 
whereas in the American analyses, the digestible percentages of feed 
tonstituents are also given. 
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Groups A aud B, which were kept in the dark stable, were 
restricted to a limited amount of exert!ifte. These groups were let 
out to water twice daily and the walk to water was the only exercise 
they obtained. At these times, 8.80 a.m. and 4,80 p.m., oestrous 
observations were made. The animals were let out into a yard, 13 by 
38 yd., from which they were driven into the farm yard to the water 
trough. While in the former yard, it was estimated that each 
animal walked 25 yards. While at the water trough the amount of 
walkiim was (controlled as much as possible. It was estimated that 
each animal walked a total amount of 295 yards daily. The tendency 
for animals to run or to walk about w'as checked. 

The Group C cattle went through the same daily routine with the 
exception that instead of returning to the stable after watering in the 
morning, as in the case of Groups A and B, the former group w^as 
allowed free exercuse and abundant sunshine in a kraal, 50 by 68 feet, 
from 8.30 a.m. to 4.30 p.m. daily. It Avas calculated that, apart from 
the exercise in the kraal, Group C cattle walked 100 yards more 
each per day than those of Groups A and B. While it was impossible 
to estimate the amount of exercise obtained by the Grou]) (!) cattle 
during a day, constant walking to and from the hay racks and being 
disturbed by one another, must have amounted to an appreciable 
amount daily. The exercise kraal had no shade or shelter apart from 
that afPorded by a 6^ ft. stone wall on the east and a row" of trees 30 
yards distant on the w"est. The kraal was exposed to sunlight between 
7.0. a.m. to 5.0 p.m, in summer and from 8.0 a.m. to 4.0 p.m. in 
wunter. 

During very wet weather Group C w^as stabled during the day. 

It is, therefore, seen that while Groups A and B were kept in a 
dark stable and w^ere exposed for a very short period, approximately 
5 hour daily, and had a very limited amount of exercise, Groj) C 
c(mld indulge in sunlight and exercise for eight hours daily. 

t 

The fact that none of the groups received green feed is stressed. 

Further, general good management was given the cattle in all 
the groups. The cattle were handled with great care at all times. 
They were dipped in a 14-day strength arsenite of soda dip when 
deeiiied necessary, the essential precautions of cows in calf being 
taken in w"hich case hand-dressing was, in preference, resorted to. 
It was found necessaty to trim hoofs of the tattle at least once 
annually; this was particularly necessary in the case of Groups A 
and B. 

The calves were allowed to suckle their mothers, care being taken 
not to allow the calves too much milk at first and then to thoroughly 
strip the udders of the cows by hand. During the first month from 
birth, the calves w"ere allowed to suckle their mothers thrice daily, 
and thereafter tw"ice daily. The calves were put in with their mothers 
after the latter had consumed their concentrate rations. 

TeEP hay was available to the calves during the day and when 
deemed necessary a small supplementary concentrate ration was fed 
to the calves. They were weaned at about six monies old when they 
;weighed about 400 lb. 
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Climatic Condttions ,—The conditions nt the Experiment Station 
may be considered to be repiesentative of those ot the eastern high- 
veld of the Transvaal. The altitude of Erinelo is 5,690 feet. The 
annual rainfall is in the vicinity of 27 inches, 90 per cent, of which 
falls during the summer months, October to March. 

As a rule summer day-temperatures are high Imt the nights are 
C(»()l, especially after thunder siorms which are frequently experienced 
during the afternoons and evenings. 

Tt may be said that the great majority of the days are bright and 
sunny. The winter nights are cold and frosty, but the day tem¬ 
peratures are mild to warm. 

The following table of records supplied by the adjoining (xovern- 
ment Forest Nursery, gives some indication of the rainfall and tem¬ 
peratures of the Experiment Station. The records tor 1932 have been 
chosen as being fairly representa 


MontliH (193*2). 

Uainfall. 

Temperatures. 

Maximum. 

Minimum. 


Inches. 

Ua]ij;p. 

Han^e. 

.laniiarj^. 

3 06 

93*6-580 

58 2-46*0 

February. 

4*87 

84 8-63 5 

59*8-50*0 

March. 

3 79 

80 6-56 6 

66 0-41*4 

April. 

017 

80 5-61*2 

52 0-38*5 

May. 

J -64 

75 2-52 0 

44*0-27*4 

•Juno. 

0 25 

71-8-40 3 

43 3-22*0 

July. 

0 00 

71*5-52 0 

36 0-19*0 

August. 

0 00 

79*8-61*6 

43•6-23*0 

»Soptenib(?r. 

1 32 

87 3-58*2 

54*1-30*5 

October. 

1-62 

89 5-48*8 

56 3-.38 0 

November. 

7 46 

86 4-63*8 

59 *2-42 *5 

December. 

4 55 

86 4-64*3 

59*0-44*5 


The total rainfall for the year 1932 was 28 73 in. It will be 
seen that temperatures fall rapidly from May and rise rapidly from 
September. 

Observations ,— Oestrous observations were made twice daily when 
the groups were let out to water at 8.30 a.m. and 4.30 p.ni. Gioup C 
was let out first. The cattle were let out into the yard adjoining the 
stable and they were allowed to stand about in this yard for a few 
minutes before being brought into the larger yard to the water 
trough. The cattle were driven to the exercise yard in the morning 
and to their stable in the afternoon. 

Groups A and B were let out together and the above procedure 
was carried out with the exception that these groups returned to 
their stable in the morning as well as in the afternoon. 

The total time taken for the observations of the three groups 
was approximately 90 minutes a day. 
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At the coiuinenoement of the experiment, an ox was used as a 
teaser in testing for oestrus. However, it was soon found that 
the use of the ox was not necessary, as oestrus was easily observed 
or readily; indicated. In most instances, individuals showing oestrus 
were anxious to mount others as soon as the former were loosened 
or as they entered the open yard. The mounting of the cow showing 
oestrus was usually vigorous and a clear mucous discharge from the 
vulva was seen. Frequently the cow stood near the cow it intended 
mounting, and the former was noticed to depress its ba(^k. Cows not 
showing oestrus willingly mounted cows showing oestrus, and the 
fact that the former are pregnant made no difiEerence to their re¬ 
actions. Cows showing oestrus readily stood to be mounted by other 
cows, the former appeared to be nervotis and often bellowed. 

In some cases a mucous discharge from the vagina was observed 
about 3(5 to 48 hours before oestrus was observed. This was usually 
seen in the stable w'hen the cows were lying down. 

Observations were not made to determine the duration of oestrus; 
however, the duration of oestrus did not appear to exceed 24 hours. 

Haemorrhage, as indicated by a discharge of blood from the 
vagina, was observed to occur about 36-48 hours after oestrus was 
observed. Haemorrhage, however, did not consistently follow oestrus. 
On the other hand, haemorrhage was observed in some cases in non¬ 
pregnant individuals when oestrus was not show^n immediately 
previous to haemorrhage. Heifer No. 3602 showed oestrus on 1.4.30, 
she showed haemorrhage on 24.4.30, and showed oestrus again on 
11.5.30. It appeared that the heifer must have experienced a silent 
oestrus between 1,4.30 and 11.5.30. 

A stable record sheet was kept on which to record all observa¬ 
tions. 

The serving of Groups A and C was commenced when the heifers 
were approximately 31 months old, while the heifers of Group B 
were given service 5 to 6 months later. ^ The Sussex bull. No. 4242, 
previously referred to, was used for serving throughout the first three 
periods of the experiment. He was replaced by a younger bull, 
No. 6021 (Appendix I, Fig. 20) of the same breed at the commence¬ 
ment of the fourth period. 

' • 

It was endeavoured to give service about 12 hours after the 
onset of oestrus. In some instances it was found that when oestrus 
was observed ^t 8.30 a.m., oestrus had passed off by 5 p.m, of the 
same day. This was no doubt due to the fact that oestrus had 
commenced some hours before it was observed. The time of the onset 
of oestrus could not be determined unless continuous observations 
were made. 

During the first season of mating, services were given in a cattle 
crush, but subsequently the bull became too large and services had 
to be given in a yard. The bull was not held during service. In 
almost every instance, double services were given, the second follow¬ 
ing about 15 minutes after the first. It was found that, in a few 
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cases, individuals would accept only one service, although in such 
eases they mounted the bull after the second service. Usually such 
individuals conceived from the one service. All females were put 
back into the stable after service. 

All cows were mated again or given service about three months 
after calving. 

Individuals showing a reciurrence of oestrus were served at the 
first recurrence of oestrus. In the case of abortions service was 
delayed for one or two dioestrous cycles. 

The cows were under dose observation during pregnancy. When 
due to calve, they were kept in a loose box or semi-open shed during 
the nights. Only in the case of the first calf of No. 3594 was 
assivstance given at ])arturition. and the assistance was considered 
slight. 

All calves were weighed as soon as possible after birth; afterwards 
they were weighed at monthly intervals. 

All the cows were weighed at monthly intervals, but the weighing 
was discontinued during advanced stages of pregnancy in order to 
eliminate undue excitement and the probabilities of abortion. 


Discission. 

It appears best to consider the data in three main sections which, 
under the headings of Breeding Tables A, B, C, and D, are termed 
First, Second, Third, and Fourth Periods. The ITrst Period extends 
from the time of the coumienceinent of the experiment up to the first 
calving; the Second Period, from the time of first calving up to the 
second calving, etc. Tables I to IV contain details of individual 
animals, but this information has been condensed in group form and 
it is presented in Table Breeding Table K. 

Fuither tables have been compiled to permit more detailed 
analyses of such phases of the study as: Oestrus, gestation, etc. 

The most imiiortant aspects of the study w'ill be considered under 
the following sections: — 

(1) Dioestrous cycles. 

(2) Age and weight at successful service and at calving. 

(3) Number of services required to establish pregnancy, 

(4) Gestation periods. 

(5) Birth weight of calves. 

(1) Dioestrous Cycles ,—Oestrous observations commenced when 
the heifers were approximately 15 months old. As the cattle were 
purchased from a private owner at that age, jirevious records of 
oestrus are not available. 
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Considerable variation exists with regard to the time of the first 
oestrus (Table I, Cohimn 3). All the heifers exhibited their first 
oestrus before they were 24 months of age, although a period of 
slightly more than eight months ela})sed before all the heifers had 
experienced their first oestrus. The following are the frequencies 
of the commencement of sexual activity during the months 
indicated: — 


Group. 

1920. 




1930. 




Total. 

June 

(10 

(days). 

July. 

Aufi. 

•Sept. 

Oct. 

Ncn’. 

Deo. 

1 

Jan. 

Feb. 

A. 

__ 

1 


— 

5 

1 

--- 

J 

1 

0 

B. 

— 

— 1 

— 

1 

2 

3 

— 

1 

— 

7 

C. 

— 

1 

2 

1 

1 

-- 

— 

2 

1 

8 


There is, very a])])arently, no difiereuce between the first 
occurrences of oestrus recorded for (froups A and B. In (Iroup C, 
although three heifers showed oestrus during duly and August, three 
individuals showed oestrus only in January and February (1930). 
Jfo significance can be attached to the above variations as they may 
be ascribed to individual differences. 

The dioestrous cycles detailed in Tables 1 to IV, have beeji 
analysed in Tables VI to X. When considering the total number 
of dioestrous cycles, it must be borne in mind that the numbers of 
cattle constituting the groups varied, and that alterations in numbers 
within groups occurred after the First Period. Also, it must be 
pointed out that as Group B was served 5-6 months later than Groups 
A and C, the first period of oestrous obseiwations for Grou]) B was 
correspondingly longer. 

The dioestrous cjycles of Groups A and C during the first i>eriod 
deserve attention (Table VI). The observations during the first 
period were recorded for nine heifers in Group A and 8 in Group C, 
the difference of the total dioestrous cycles is 41. The maximum 
dioestrous cycles in Group A for this })erio(l was 19 and in Grotip C 17 
(Table I), hence assuming that an additional heifer in Grou]) (’ 
wc'uld have recorded 19 dioestrous cycles, the remainder (41-19), 
22 appears to,be a significant difference. The cause of this difference 
can be seen by examining the distribution of the frequencies of the 
periodicity of oestrus in Table VI. In Group A, in seven instsinces 
dioestrous cycles ranged between 55 to 90 days, while in Group C, 
in twelve instances the dioestrous cycles ranged between 55-117 days, 
the longer periods being more frequent in the case of the latter gioup. 
Also, it will be seen from Table V that in the case of Group A in 
76 per cent, of cases oestrus recurred after the normal interval of 18 
and 23 days, while the equivalent figure for Group C is 70 per cent. 
Age, or difference in age, does not bear any influence upon this jicint, 
as the average ages of the cattle were approximately the same at the 
time of final or successful service. During this first period, it will 
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he noticed (Table V) that ui Group B in SO per rent, of ca>es oestrus 
recurred after IS fo 2^.1 days and althou^^h the ran^e of dioestrous 
cycles was fiom 10-122 days, only seven dioestrous cycles, or 4*8 per 
cent,, fell between 40 and 122 days. 

Duriiif? the Second and Third Periods (Tables VII, VIIT, and 
IX), the len^^th of time of oestrous observations was approximately 
equal for all groups, ils all cows wer eserved about three luoiiths after 
])ariurilioii. Duriiij^ these i»eriods, the total number of dioestrous 
cycles may be influenced by the length of time between calving and 
the first subsequent of'strus. 

After the first calving, there was no significant difference bet>veen 
the total number of dioestrous cycles of the three groiij»s (Table VII). 
The slightly larger total in the ca>e of (xroiij) B w'as due to the larger 
number of shorier dioestrous c‘ycles (Table VI1) and the somewdiat 
shorter interval (09da\s) between calving and first oestrus as 
compared to (Trouj)s A (79 4 days) and ((89*5 days) (Table V). 

After the second calving, the differences in the total dioestrous 
cycles are greater: Groups A : 15, B: 50, V: G (Table VIII). These 
differences resulted largely from the dift'eren(‘Os that existed between 
the periods between second calving and first siibseciuent oestrus, which 
were:—Grou])s A: 77*4 days, B; 56*5 days, V: 104*9 days (Table 
V). It will be noticed that, for this thiid period, the percentages of 
cases in which oestrus recurred after 18 to 28 days were: Group A: 
57*1, B: 50‘0 and 0: 55-3. It is very appaient that Group B 
showed far greater ovarian activity during the third j)eriod than did 
either of the other two grou])s and especially Group C. 

After the third calving, (here is not that amount of significant 
difference in the total dioestrous cycles of the groups (Table IX) and 
there is also little difference in the period betw^een parturition and 
first subsequent oestrus of Groups A (51*1 days) and B (54 days), 
l)ut in the case of Group C the period is 83*2 days. It is seen that 
in the case of the fourth period the percentage of cases in w^hich 
oestrus occurred after the normal interval of 18 to 25 days was 
considerably less than during the jnevious periods, viz., Group A: 
50*8, Group B: 36*8 and Group C: 50*0. 

From Tables VI to IX it has been ascertained that the mode of 
the dioestrous cycles of the groups for all four periods is twenty 
days. The range of the dioestrous cycles were from 10 to 123 days, 
but the highest percentage of dioestrous cycles fell between 18 and 
23 days. It is, how^ever, significant that there is a marked decrease 
in the percentage of cases in which the dioestixms c^ycle fell between 
the normal interval of 18 to 23 days as the exi)eriinent advanced. 

It is seen from Table I that, during the long first period of 
oestrous observations, there were abnormally short and abnormally 
long dioestrous cycles during the first seven months. Therefore, it 
may be said that the heifers became more regular w^ith respect to 
oestrus after they were approximately twenty-four months old. 

(2) Age and Weight ,—The details of ave and wreight of the cattle 
are given in Tables I to IV; these details have been compiled for the 
groups and presented in Table V. 
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As previously stated, Group B was served 5-6 montlis later 
than the other two groups. The fact that certain individuals 
required a number of services before pregnancy w’as established 
resulted in a great diversity of age within groups. This is especially 
noticeable in Group A (Table V, column 5) in which the range of 
age at the end of the fourth period was from 77 to 91 months (and 
the average 82 months) at the fourth calving, whereas the correspond¬ 
ing figures for Groups B and C were, range 82-95 months, average 85 
months, and range 77-85 months, average 80 months respectively. 

All the cows were weighed monthly before the morning feeding 
and watering. Detailed weights (at the time of successful service) 
are given in Tables 1 to IV, and the averages for the groups are 
included in Table V. 

It may be said that the condition of all groups has been very 
satisfactory throughout the period of the experiment. The cows 
gained weight during gestation and the gieat majority were in prime 
condition during the later part of pregnancy. They lost w^eight 
while suckling their calves, but gained in w’eight rapidly after the 
calves were weaned. 

The birth-weights of the calves were recorded, and they W’ere 
8ul)sequently weighed at monthly intervals. 

Calving data are given in detail in Table VI, and a summary 
for the groups is included in Table V. 

During the use of the original bull, a slighi increase is apparent 
in the average birth-w’eight of the calves of all gix)ups as the age of 
the COW’S advanced, but here is a marked decrease in the weights of 
the calves served by the second bull tised in the experiment (Table V, 
Column 7). 

There is no significant dift'erence between the birth-w’eighis of 
the calves of Groups A and C, tduring the first three periods, but 
during the fourth period the (calves of Group A w’ere on an average 
7*0 pounds heavier ihan Group (\ The calves of Group B wwe 
considerably lighter during the first three periods than those of 
Gioui)s A and (\ but during the fourth period the same differences 
did not occur. It is interesting to note that the Group B cows were 
heavier or w’eighed more than the cows in the tw’o other groups 
(Table V, column 3). , ^ 

(3) Numher of Servireii reqvired to Establish Pregnancy .—The 
dates of all final or successful services are given hi Table XI. 

Table V, colmnn 4, (*ontains the frequencies of the services 
required to establish pregnancy. It is apparent that more services 
were required in Group A to establish pregnancy than was the case 
in Groups B and 0. With regard to Group A. it cannot be said that 
the total number of services required to establish pregnancy increased 
with the ages of the cows. During the first period No. 3995 (Group 
A) required three services to establish pregnancy, during the second 
period only one, and during the third period four services. The 
services required by No. 3598 (Group A) were 2, 4, and 3 for the 
three periods. 



JOHN QUINLAN AND LUCIEN L. KOUX. 


Ill Gioup B, certain cows are of jiarticular interest. In the first 
and^ second periods pre^'iiancy was established in cows Nos. 3604, 
3()0<, and 3608 by serving during one oestrus. However, in the thircl 
period No. 3604 required four 8ervic*es at diftereui oestrolls periods, 
Cow No. 3607 required ten services, and No. 3608 two services to 
establish pregnancy. During the first, second, and third periods 
cow No. 3602 required 1, 4, and 1 services respectively to establish 
pregnanc.y. 

In (xroui) C only three* cows required re-serving during the three 
periods. 

It is, therefore, apparent that (fi-oup V was outstanding with 
regard to the small number of services re(juired to establish j)reg- 
iiancy. It is interesting to note that, during the fourth period in 
only <)ne case did a cow require more than one service, viz. three, to 
establish ])reguancy. This cow was No. 3614 in Grou]) C. She 
required four services. The cow calved, 5.1.34, and, as she did not 
show oestrus within 206 days after parturition, she was examined 
and a persisting corpus luteum expressed from the ovary. She 
sliowed oestrus two days later and three further oestrous peiiods 
before becoming pieguaut. 

(4) Grsifitioif Periods ,—The gestation periods of each cow for the 
four ])eriods are given in Tables 1 to IV, and the averages and ranges 
of gestation periods for the groups are giveh in Table V, column 0. 

Tbe frequencies of the gestation periods recorded are given in 
Table XII. It is apparent that there is no significant difierence 
between the gestation periods of the three groups, neither is there 
any indication of differences between the duration of gestation of 
the first, second, third, and fourth periods. 

AVith the exception of the gestation period of 264 days which 
was recorded for cow No. 3606 in Group B, tbe range of gestation 
for all groups was 271-289 days. Out of a total of 9b gestation 
periods, 81-05 per cent, tell between 276 and 28() days. Considering 
all groups the mode was 281 days (Table XII). 

AVith the vieiv of indicating the gestation periods of male and 
female offspring in each of the groups during the four periods, 
certain data have been extracted from Table XI and given in 
Table XTTT. It appears from this table that there is no significant 
difference between the gestation periods of male and female calves; 
also there is no significant difference between the groups during the 
four successive periods, nor does any ])articular group show significant 
variation during the four successive periods. 

The mode gestation period w-as previously stated to have been 
281 days. From Table XIII it is computed that the average gesta¬ 
tion jieriod was 279-6 days. 

AV^ith the exception of the calf of No. 3606 which was born 
during the second period, the gestation period of which was 264 days, 
all calves were exceedingly healthy when l>orn and they made rapid 
progress in growth.^ The calf of No. 3606 was born with congenital 
ichthyosis and it died when 14 days old. 
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CONCLUSIONS. 

(J) The effects of a dry ration, high condition, the absence of 
sunlight, and exercise upon the sexual a<*tivity and rei)roduction of 
beef females have been studied. The results obtained during six 
years of observations are reported upon; the period includes four 
calvings. 

(2) When a dry ration consisting of maize, wheaten bran, and 
tefP hay is fed for nine months and silage is added to the ration during 
the remaining three months of the year, very satisfactory results 
may he expected. 

The ration induces satisfactory growth of young heifers and 
maintains mature animals in good condition. 

Sexual maturity is reached before the age of 24 months, and 
sexual activity and reproduction are in no way impaired. 

(8) High condition causes no ill effects either upon general 
health or the reproductive processes. 

(4) The restriction of sunlight and exercise in no way detrimen¬ 
tally affects the health, growth, and vigour of heifers and cows being 
fed dry rations. The onset of maturity is not delayed. Up to the 
age of 82 months or prior to being bred, a large number of clioestrous 
cycles are seen to have been experienced by the heifers rec(*iving 
restricted sunlight and exercise. The animals receiving an abundance 
of sunlight and exercise, experienced a larger number of abnormally 
long dioestrous cycles. The mode of the dioestrous cycles is 20 days, 
and although cycles as short as 10 days and as long as 123 days are 
experienced, about 75 per cent, of dioestrous cycles fall between 18 
and 23 days. It appears that as the ages of the animals advanced, 
under the special environmental conditions enforced, the percentage 

of dioestrous cycles between 18-23 days decreased. 

• 

(5) A restriction of sunlight or exercise appears to shorten l uther 
than to lengthen the period hetiveen calving and the first subsequent 
oestrus. Oestrus is observed to occur as soon as 15 and 21 days after 
calving. Although, in the majority of cases, the period of inactivity 
is in the vicinity of 60 days, many cases of over 100 days occur, and 
cases even over 200 days may be encountered. There appears to be a 
tendency for the period of inactivity to shorten as the ages of the cows 
advance between 3 and 6*years. 

(()) Unrestricted sunlight and exercise result, in fewer services 
being required to establish pregnancy. Failure to conceive after the 
first and second service cannot be considered exceptional and this 
appears to be the case especially in young animals. The number of 
services required to establish fertility decreases as the ages of cows 
advance. 

(7) The length of the gestation period is unaffected by limiting 
sunlight and exercise. Out of a total of 95 gestation periods, the 
mode is 281 days, the average 279-6 days, and 81 per cent, of the 
periods fall between 276 and 286 days. There is no tendency for the 
gestation periods to alter with advancing age. There is no difference 
between the gestation periods of males or females. 
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(8) ITnrestricled sunlight and exercise do not reflect any advan¬ 
tage upon the weight of calves producted. Few of the calves obtained 
are seen to have weighed under 60 pounds at birth, wliile weights uji 
to 98 and 99 pounds were recorded. It is seen that the change of the 
bull greatly influenced the birthweight of l.he calves. 

(9) Higli conditioned heifers, under conditions of lestricted sun¬ 
light or exercise, show no tendency towards abnormal sexual activity 
when breeding is delayed until the heifcis are 85 months of age. 
The reproductive functions of the animals are unaffected when breed¬ 
ing is delayed for this X)eriod. Cows which maintain a higher con¬ 
dition throughout the periods of gestation, lacdation, and rest are 
likely to ])roduce calves which are small and light in weight. 
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APPENDIX 1. 


I. FEMALES UPON WHICH OBSERVATIONS WERE MADE, 


Gkoup a. 



Fip. 1.—As heifers 28 months okl and 13 months in the experiineiii ^July, 
1930), 



Fig. 2.—38 months old and 6-7 months pregnant (May, 1931). 
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Group A. 





Fig, 5.—No. 3595, 2 months pregnant (October, 19»34). 
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Group A. 



6.—No, .‘r>98, months pregnant (October, 1934). 
Group B. 



Fig. 7.—As heifers ‘28 months old and 13 mouths in the experiment (July, 
3930). 



Fig. 8.—38 months old anjd 1 month pregnant (May, 1931) 
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EESEAHCHES INTO STERILITY OF COWS IN SOtTH AFRICA. 


Group B, 



Fig. 9.—66 months old and 4 months pregnant (September, 1933), 



Fig. 10.—84 months old, before fourth calving (March, 1935). 



Fig. ll.*-No. 3606, 4 mouths pregnant (October, 1934). 
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JOHN QUINLAN AND LUCIKN r^, MOOX. 
Group B. 



12.—No. .3009, 4 months pregnant (Ocotober, 19.34). 
Group C. 



1.3,—As heifers 28 months old and 13 months in the exnorimonl (.Inlv, 
19.30). 



29 


Fig. 14.—,38 months old and 6-7 months progniint (Ma\\ 19,31) 
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EESEARCHES INTO STERILITY OF COWS IN SOUTH AFRICA. 

Group C. 



Fig. 15.--^6 months old and 7-8 months pregnant (September, 19(18). 



Fig, 16,—84 months old after fourth calving (March, 1985). 



Fig. 17.—^No. 8611, 5 months pregnant (October, 1934). 
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JOHN tJUlNlAN ANU LVCIEN L. HOVX. 


Gnour C. 



Fig. 18.—No. .‘1620, 8 inmiths prognunt (October, 1934). 


II. PURE BUEi) SUSSEX IJUTiLS USED IN THE EXPERIMENT. 



Fig. 20.—No. 6021: Used from 22.12.33- 5.10.34. 
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llEffiEAltCHKS INTO STEIULITY OF COWS IN SOUTH AFRICA. 

111. IJALVES OUT OF THE EXPERIMENTAL OOW'S. 
(a) Group A CiavES. 




Fig. 23.—^Ist Calves, 8-9 montha ol4» 
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JOHN tilTlNLAN AND DrOIEN 1.. RUU; 
Ill. (^\LVKS our OF THF EXPEKJMKNTAL C^OWS. 

(<i) Grovp a Calvrs. 



Fij^. 24.—2ntl Calves 7 mouths old and younger. 



Fig, 2o.—2iid Calves approximately 12 months old. 


Fig. 26.—3rd Calves, 9 months old. 
TTRQ 





















































ItESEAUCIIES INTO STEHILTTY OF (‘OWS IN SOUTH AFRICA. 


111. OALVKS OUT OF THE EXPERIMENTAL COWS, 
(a) Gkoup a Calves. 



Fig. 28.—4th Calves, 3-4 months old. 
























JOHN QUINI.AN AND LDCIEN L. BOXJX. 


( h ) Group B (Ulves. 



Fig. 30.—1st Calves, 1-6 months old. 



Fig. 31.—1st Calves, 9-10 months old. 



Fig. 32.—1st Calves, 17-38 months old. 
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nESEAl?CHES INTO STEllILITY OF COWS IK SOUTH AFRICA. 


( b ) Group B Calves. 



Fig. 35.—3rd Calves, 12-33 months old. 
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JOHN QtUNLAN AND LXTCIEN L. KOUX. 


(6) Group B Calves. 



Fig. 36.—4til Calves, 5-6 months old. 


(c) Grow C Calvrs. 



Fik. 37.—1st Calves, 3-4 months old. 


30 
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nESEAUCllES IN'JO STEIIIUTY OF COWS IN SO'U'J'H AFIUCA. 


( e ) Group C Calves. 



Fig. 38.—1st Calves, 5-6 months old. 















JOHN QUINLAN AND LUCIEN L. KOUN. 


(c) Gitoup C Calves. 



Fig. 41.—2nd Calves, 9-12 months old. 



Fig. 43.—4tli Calves, 3-4 months old. 
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SESBiRCHES INTO STERILITY OF COWS IN SOUTH AFRICA. 


(c) Group C Calves. 



Fig. 44.—4th Calves, 8-9 months old. 


APPENDIX II. 


The following^ Tables, DXIII, show in summarized form the 
data accumulated during the course of the observations up to the 
end of the fourth gestation period; that is from June, 1929, to 
July, 1936;— 









BBSEAUCHES INTO STERILITY OF OOWS IN SOXTTH AFRICA^ jOUjj quINLAN AND LUCIBN L, ROUX. 



Note.—( a) No. 3691 was killed in txtremi» and was found to be non-pregnant. 

(A) No. 3692 aborted after 4^ months pregnancy, conceived again after two 
(c) No. 3602 aborted 272 days after conception, cause unknown. 







































Table II. 

Breeding Table li: Second Period, 1931-1932. 



Note.— (a) Nos. 3596, 3603, 3600, ami 3614 were drafted back into the experiment on 11.12.31. 

(6) No. 3602 aborted and was served about 3 months after the abortion. 

(c) No. 3593 conceived to this service, but aborted after 4^ months and was served again 19 
days after the abortion, to which service she conceived and eventually calved. 
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JOHN QtriNLAN AND LDCIEN 




































































JOHN QUINLAN AND LUCQSN 1. KOCX, 
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Note.—( a) No mode. 



























Periodicity of oestrus in days : 


t(ES£ABCH£S nfTO SimimT OF cows IN SOUTH AFRICA 
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Table VII. 

Second Periods 1931-19'32. 


JOHN QUmUN AND LDCIEN L. HOUX, 
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Group 




















Table X. 

The Dioestrovs Periodsy 1929-1934. 
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Table XIII. 
Gestation Perio 
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